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FOREWORD 


Tuis voLuME is one tangible product of an interesting experiment in edu- 
cation. Other products, tangible and intangible, are materializing and 
will continue to do so over the years. 

The problem of the production of scientific men in greater numbers 
and of a higher quality is a matter of great concern to leaders in educa- 
tion. Although the need is more spectacular in the physical sciences, it 
is no less pressing in the social sciences. Social scientists who have been 
studying the problem of increasing output in the social sciences have 
noted an unfortunate trend in the scientific careers of young people. They 
have seen that the rise in the cost of living during this period has left 
the college and university instructors in an increasingly unfavorable 
financial position. The consequence in many instances has been that the 
long vacations which academic people had been accustomed to devote 
to research training and study must now be spent in supplementing aca- 
demic salaries through teaching in academic summer sessions or other 
routine gainful employment. The situation of the serious minded scholar 
is well described in the following words of one of them: 


The routine responsibilities and pressures of the academic year leave far too 
little time for the sort of leisurely, contemplative, intellectual activity which 
Was once so much more a part of the academie life than it is today and it is not 
question of “time to think.” Even when one finds a little time, the whole prob- 
lem of shifting gears from class work, thesis conferences, administrative responsi- 
bilities, yes, even laboratory work on one’s own experimental program, makes 
good thinking difficult. The whole atmosphere and frame of mind is too permeated 
by the intrusions of these other things, so the teacher often feels mentally tired, 
or irritable, or in need of some thoroughly avocational activity when the daily 
tasks are finished. 


The writer has heard numerous discussions among fellow members 
of the Social Science Research Council who were searching for some 
feasible program through which promising young social scientists could 
be given freedom for study and research during summer vacations while 
receiving the equivalent of their teaching or other salaries. He happened 
also to know about a group of young psychologists who were engaged 
in research upon the theory of learning and who at considerable financial 
sacrifice to themselves had been meeting during two summers for periods 
of group discussion of their common problems. These men were invited 
to submit a proposal for a summer “seminar,” the proposal to comprise 
a detailed statement of organization, purpose, procedure, membership, 
together with a budget covering all expenses of travel and maintenance in 
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addition to the equivalent for each participant of the usual academic 
stipend for summer teaching. ù 

A concise and informative prospectus of such a program was prepared 
by the group and submitted in the fall of 1949 by the Social Science Re- 
search Council to the Carnegie Corporation of New York, which provided 
funds for the “seminar” to be conducted under the general sponsorship 
of the Council. 

Dartmouth College through Dean Donald M. Morrison generously 
offered the facilities of its campus for the experiment, including offices, 
meeting rooms, and most excellent library services. The physical condi- 
tions on this cool, quiet campus were nearly ideal for such a project. 
The vital part played by the college is most clearly seen in the spontane- 
ous adoption of the name, “Dartmouth group” and “Dartmouth book 
on theory.” The financial arrangements gave to each person the equiva- 
lent of a summer session salary, plus travel and other incidental expenses. 

In the prospectus it was proposed that a group of psychologists meet 


with the purpose of discussing the status and current problems of learn- 
ing theory: 


Such a conference would be the first of its kind. Customarily, work such as 
that envisaged is found only in university seminars guided by individual teachers 
or theorists. This plan is very different; it proposes that a conference of theorists, 
assembled from different universities, meet together and attack theoretical prob- 
lems through cooperative effort. The field of learning seems an appropriate one 
to attack because of its central importance in behavioral science; because learn- 
ing is a field in which there is an accumulation of soundly established experi- 
mental information; because attempts at the theoretical organization of basic 
data have been prominent so that particular formulations are most open to ex- 
amination; and finally it was the common interest of the group in which the 
seminar idea originated. 


The “seminar” consisted of seven men, all young and of approximately 
the same age, academic rank, and prestige. Their attitudes toward science 
in general and toward psychology in particular were sufficiently uni- 
form to furnish a common basis for group discussion. It was presumed 
that they were reasonably free from preconceived alliances and were 
not partisans or spokesmen for any one theory or theorist. Undoubtedly 
there were differences among them in academic background and research 
interest and there were undoubtedly some individual preferences for 
one theory or another. But the uniformity of aim and interests underlying 
the diversities had much to do with the success of the conference. 

The seven members were: William K. Estes, Indiana University; 
Sigmund Koch, Duke University; Kenneth MacCorquodale, University 
of Minnesota; Paul E. Meehl, University of Minnesota; Conrad G. 


Mueller, Jr., Columbia University; William N. Schoenfeld, Columbia 
University; and William $S. Verplanck, Harvard University. 
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There were in addition three assistants with graduate training in psy- 
chology who gave invaluable help during the summer, namely, Frances 
Clayton, John Courtney, and Paul Hutt. 

It was obviously impossible to cover the whole range of learning theory 
except in a most superficial fashion, so that the problem of selecting 
theories for examination had to be met at the outset. Five theories were 
finally chosen which seemed to occupy a dominant position in the field 
of learning theory in terms of their popularity, their contemporaneous- 
ness, and their influence upon current writing and research. These were 
the theories of Clark L. Hull, Edward C. Tolman, Burrhus F. Skinner, 
Kurt Lewin, and Edwin R. Guthrie. A different set of five theories might 
have been selected on the basis of other criteria such as correctness or 
completeness. What part special prejudices and preferences of the mem- 
bers of the group may have had to do with the final choice of theories 
is not easy to determine. Whatever the basis for selection, the outcome 
would seem to indicate that the choice was a fortunate one. 

The success of any conference depends to a great extent upon the 
preliminary work that is done in preparation for it, and this seminar 
is no exception. The group had met in the winter of 1949 in order to 
prepare plans and to consider possible procedures. It was decided that 
each member should come to the conference with two or more “papers” 
sufficiently well prepared to present for informal discussion. This was a 
fortunate provision inasmuch as it gave some immediate direction to 
the deliberation, while it in no way hampered the freedom to speak or 
to bring up other questions. Furthermore, each member or pair of con- 
ferees accepted the primary responsibility for analysis and final report 
on one of the theories. Such a division of labor was a most flexible one, 
however, and was not intended to interfere with the range of participa- 
tion of any member in the discussion. 

It might be supposed that there would crystallize out from such a 
critical and unbiased analysis of theories and the experimental evidence 
on which they rest, some one basic theory of the learning process which 
all reasonable persons could accept. If there were any such expectations 
among the members of the group they were soon dissipated. Each theory 
appeared to exist within its own closed system and to defy direct com- 
parison and the pooling of data. Concepts, techniques, apparatus, units 
of measurement, and definition of terms were peculiar to a given theory 
and could not safely be lifted out of their own frame of reference. Each 
theory, then, had to be examined and analyzed separately for internal 
consistency and the degree to which it satisfied the logic of science. 

For this reason, if for no other, it would have been too much to expect 
that there would emerge a final and unified report on learning theory, 
resembling a unanimous supreme court decision or even a majority 
opinion. It seemed proper, therefore, that the reports on each of the 
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theories as they appear here should be signed by the persons who pre- 
pared them and each author would assume sole responsibility for his 
work even though each report was the outcome of some weeks of joint 
deliberation during the seminar, supplemented by extensive exchanges 
of comment among members of the group in the interval between the 
seminar and the completion of the manuscript for publication. 

No attempt was made to obtain uniformity among the final written 
reports of the different theories. Beyond the general framework set up 
for the analysis of the theories, and certain agreed specifications for 
citation of references, contributors were free to write and arrange their 
material as they chose. After careful consideration of all the factors in- 
volved it was decided to allow for each report its own set of references 
immediately following the report, in spite of the repetition of certain 
references which this procedure entailed. 

It should be clearly understood that it was not the main purpose of 
the project to produce a book on learning theory, although it was the 
expectation of the group that results of the summer’s work would be 
published in some form. The program was directed toward providing 
promising young investigators with the time and opportunity for ad- 
vancing their interest and ability in research. Only upon completion of 
the program was publication of a major report proposed. 

As there is no similar intensive treatment of learning theory available, 
it should be found useful wherever advanced courses in learning are 
given. There are other tangible by-products of this experiment. Most 
notable is the financial support and sponsorship by another foundation 
of several similar seminars in other fields of research. The intangible 
products may, however, become the most important ones if in any small 
degree they contribute to the progress of the social sciences. 

The authors wish to express their appreciation to the many persons 
and institutions who gave assistance in the course of their work, and 
particularly to Dartmouth College for serving as host; to Dr. Donald 
R. Young, Director of the Russell Sage Foundation, for his constructive 
criticism of the original proposal; to the Social Science Research Council 
for its encouragement and assistance during the course of its sponsorship; 
and to the Carnegie Corporation for its financial support. 


A. T. PorrENBERGER 
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INTRODUCTION 


Tp MAJoR contributions of the outstanding theorists of our time have 
been made. Their offerings have set the framework of the larger part of 
our current theoretical literature, and have placed their stamp on the 
vigorous output of our experimental laboratories. Within their limits 
lie the controversies and issues that engage most of our theoretical at- 
tention. Yet, these theories are commonly said to have irreconcilable 
differences among them. The truth of this can be revealed only by a 
detailed analysis of their structure and content. 

The procedures we have adopted for our critical examination of con- 
temporary learning theory sought to make the best use of past experience 
as a basis for evaluation, and to draw some lessons for the further de- 
velopment of learning theory. We followed several avenues of approach 
to these goals. First, we asked what lines of attack have been employed 
by influential learning theorists in the past. Then, we attempted to de- 
termine the merits of these strategies as they have proved themselves in 
actual use. Finally, we looked for additional guides to theory construc- 
tion in the experience of the more advanced sciences. 

With this orientation, we proceeded as empirically as possible. Just 
as the learning theorist initiates his enterprise with observations of his 
subjects, we took our start from detailed consideration of the activities 
of theorists. And just as any empirical investigator, we were faced at 
the outset with the problem of sampling. The project had to be trimmed 
to manageable proportions, and we could not undertake any attempt to 
do justice to the work of all the individuals who are actively contribu- 
ting to current learning theory. Believing that a cursory or superficial 
treatment of theoretical systems would be worse than none at all, we 
decided to limit ourselves to those that we could subject to a reasonably 
exhaustive analysis. Accordingly, we selected for study five theories which 
have seemed for the past two decades to occupy a prominent, even domi- 
nant, position in the field of learning: namely those developed by Clark 
L. Hull, Edward C. Tolman, Burrhus F. Skinner, Kurt Lewin, and Edwin 
R. Guthrie. 

In approaching the work of each theorist, we wanted to consider: (1) 
what his program for a learning theory is insofar as he has one, that is, 
how he conceives the whole undertaking; and, (2) what his actual theory 
is insofar as he has one, together with the adequacy of his theory by 
either logical or pragmatic standards. In addition, we did not wish to 
Overlook entirely the influence that each theorist’s conception and work 
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may have exerted upon contemporary psychology. Certain difficulties 
arise, however, when one attempts to exhibit a theory in a not-merely- 
reportorical way. It is not enough simply to repeat the theorist’s words. 
We need to analyze what he said, and on occasion to reconstruct what 
he must have meant if he were to be consistent with himself. Now this 
is clearly a touchy business. One must draw the line between a deliberate 
knowledgeable reconstruction and unwitting additions, between recasting 
and supplementing a formulation, between necessary and possible in- 
ference, between actual and desirable interpretations. In all this, we 
have tried to be careful. We well knew how delicate was the balance we 
were striking, and how easily are prompted the charges of misrepresenta- 
tion and miscomprehension. We proceeded cautiously, sifting everything 
we could find of the men’s writings, and ignoring hearsay accounts. But 
we did not hesitate to take this approach since we were unanimous in 
feeling that unless we did so we would not be giving our theorists a com- 
plete hearing. Their work had to be fairly put before it could be fairly 
evaluated. 

We have attempted to make progress toward several objectives: 

(1) Evaluation of the impression held by many psychologists that 
there are a number of competing theories in the area of learning. Here we 
are using the term theory, in accordance with gencral understanding 
among scientists, to denote a conceptual apparatus mediating scientific 
explanation and prediction in an empirical area. 

(2) Appraisal of the different theories, or of the different programs for 
theory construction, with respect to their fruitfulness in generating re- 
search. A number of individuals—for example, Tolman and Lewin—have 
attempted comprehensive formulations of broad areas of psychology, 
laying down the pretheoretical framework or attitudes which were to 
guide their theory construction, adopting a characterization of the sub- 
ject matter of their theories, identifying the kind of empirical data to 
be sought, and exhibiting the kinds of theoretical concepts and principles 
which they believe to be required in the area. While it was necessary 
to consider the influence of some of these programs upon the current 
status of the science of learning, it was equally important, we felt, to 
distinguish a program from a theory in the more technical sense. 

(3) Possible location, within the theoretical systems under considera- 
tion, of limited theories which have been formalized to the extent of 
being testable and which may provide material for the synthesis of more 
comprehensive theories. 

(4) The illustration of a somewhat more intensive analysis of theoreti- 
cal materials than has been customary in psychology. The exploitation 
of whatever is of value in the theory of the past requires that the analysis 
of theory be approached with the same discipline as the construction of 
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theory. Only when practiced at such a level can theoretical analysis pro- 
vide the clues needed for continuing theoretical progress. 

We have not fully accomplished our desire to clarify differences among 
current theories and to abstract features which they hold in common. 
But our wish to do so, and the little we did achieve on this score must 
not be taken as implying that we feel any of the existing lines of attack 
upon problems of learning should be scrapped. On the one hand, we ap- 
preciate the need for a common theoretical structure to facilitate the 
ordering and application of our knowledge of learning. On the other, we 
recognize the complexity of the material which must be handled by a 
behavior theory. Vigorous individual attempts at theory construction 
along a wide variety of fronts are probably not only desirable but neces- 
sary for continued progress in this area. The present reviews reflect our 
belief that we may expect to learn as much from the errors and the 
failures of these attempts as from their successes. 

In the following section, we indicate in outline form the “dimensions” 
along which we have evaluated our five selected theories. The main 
aspects of theory included in this outline are those which we believe one 
must consider in examining a proposed theory and trying to make clear 
its structure and content. This outline was collaboratively devised by us, 
and a common understanding of the various rubrics was arrived at in 
group discussion. Because extant theories differ so widely in organization, 
the analytic outline has been used flexibly in preparing the critiques of 
the several theories. Thus, where the nature of a theoretical system re- 
quired or recommended it, the topics of the outline were rearranged in 
sequence, or differentially emphasized, or refined still further. Always, 
however, the outline was kept in mind during the course of an analysis 
so that the various treatments would be comparable on fundamental 
points. The working outline is given below, along with examples of the 
types of questions asked in connection with certain of the rubrics. 


OUTLINE FOR REVIEWS OF THEORIES 


I. Structure of the Theory. 
A. Delineation of empirical area. 
1. Data language. P 
Is the data language explicit and theoretically neutral? 
How does the theorist relate his empirical variables to the data lan- 
guage? : 
2. Dependent and independent variables. 
How does the selection of variables compare with those of other learn- 
ing theories? . 
What influence does the choice of variables exert upon the form of 
the theory? 
3. Relation between empirical areas covered and orientative attitudes 
exhibited by the theorist. 


B. 
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Theoretical concepts. 
1. Primitive terms. 

Are the primitive terms of the theory reducible to physical or object 
language? 

Is the usage of primitive terms fixed by implicit or explicit defini- 
tions? 

2. Principal constructs. 

Do these serve only a summarizing function or are they related by 
definition or by hypothesis to terms of other disciplines (e.g., physi- 
ology)? 

3. Relations assumed among constructs. 

How are the major theoretical variables interrelated in the founda- 
tion assumptions of the theory? 

How are such interrelations constructed from the observation base of 
the theory? 

4. Relations assumed or derived between constructs and experimentally 
defined variables. 


II. Methodologie Characteristics. 


T 


A. 


B. 


Standing of the theory on principal methodologie “dimensions.” 

1. Explicit axiomatization. 

2. Quantitativeness. 

3. Consistency and independence of principal theoretical assumptions. 

4. Use of physical or mathematical models. 

Techniques of derivation. 

Are the empirical consequences of the theory developed by informal 
arguments or formal derivations? 


Empirical Content and Adequacy. 


A. 


Saw 


Range of data for which interpretation or explanation in terms of the 
theory has been claimed. 


. Specificity of prediction demonstrated. 
. Obvious failures to handle facts in the area III A. 
. Tours-de-force. 


Has it been possible to predict new experimental phenomena? 

Have any predictions of this sort been confirmed? , 

Does the theory account for facts not predictable from competing theories 
in the same area? 


E. Sensitivity to empirical evidence. 
F. 
G. Special virtues or limitations; techniques which may prove useful out- 


Programmaticity. 


side the context of the specific theory. 


The foregoing outline is undoubtedly somewhat arbitrary insofar as 
the breakdown into dimensions or categories is concerned. Despite the 
arbitrariness of the classification, however, we believe wide agreement 
would obtain among current writers in the logic of science that an ade- 
quate review of any scientific theory must include essentially the same 
features. 

The rather formal and categorical appearance of the outline should 
not be taken to mean that we were preoccupied entirely with the mor- 
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phological aspects of the theories. Scientific theories are evaluated, not 
on some absolute scale of “theoryness,” but with respect to what we ex- 
pect them to do. Some of the functions of a useful theory are: (1) clari- 
fying the description of the world possible in ordinary language, (2) 
summarizing existing knowledge, (3) mediating applications of our 
knowledge to new situations, (4) leading to fruitful lines of experimental 
inquiry. Even usefulness is not absolute; one can well ask, useful to 
whom, or useful for what? A theory which in one form is satisfactory 
for the purposes of a practitioner may not be useful in that form for a 
research scientist. Nor can we agree with the view, commonly advanced, 
that theories which account for the same set of known facts are identical 
except for a matter of taste in the choice of words; they may, in fact, be 
quite disparate as instruments for guiding further inquiry and develop- 
ing linkages with theories in related areas. 

Our primary concern in the present reviews is with the learning theory 
as it may function in the long-range development of a science of be- 
havior. Thus, our five selected theories are for their most part formula- 
tions which have grown out of experimental fact and which are actually 
influencing research upon problems of learning. If some of our reviews 
appear unduly harsh, it is simply because we feel that the strictest eriti- 
cism of current formulations is necessary to facilitate further develop- 
ment. Since our purposes are entirely constructive, it is necessary to 
evaluate current theories against principles of theory construction as we 
understand them at present, not, as an historian would do, against the 
views of theory generally accepted at the time these theoretical formu- 
lations were initiated. We appreciate fully the position of the theorist 
who perforce works with the knowledge and methods available in his 
day, but who inevitably faces criticism arising from advances in knowl- 
edge and method that have resulted from his own efforts. With generous 
Spirit, he hopes that his work will be a temporary stage in the develop- 
ment of more adequate theory. 

THE AUTHORS 
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From 1929 until his death in 1952, Hull was ceaselessly dedicated to 
the construction of his theory of behavior. The theory was developed in 
a tortuous, piecemeal way. General hypotheses advanced in the early 
phase of the program were under continuous revision and extension, and, 
from time to time, major modifications or realignments of the emerging 
theoretical structure were put forward. 

Three principal periods in the development of the theory may be 
roughly distinguished. During the interval 1929-1943, key concepts were 
informally elaborated, and “miniature” formalizations of parts of the 
total projected theory were put forward. The second period, 1943-1949, 
begins with the publication in Principles of Behavior (56) of the first 
“complete” postulate set tentatively believed adequate to the major 
Phenomena of behavior, and ends with the distribution of a memorandum 
(62) setting forth a radical revision of the 1943 postulate set. Finally, 
there is the brief terminal phase of Hull’s career, during which the 1949 
postulates were further revised, and published in the small 1951 volume, 
Essentials of Behavior (75). 

Published sources, at each stage of the development of the theory, 
tended to lag behind the actual status of Hull’s thinking. Indeed, Hull 
informs us that the “most detailed record” of the growth of the theory 
may be found “scattered through twenty-five volumes of hand-written 
notebooks” which “began in October, 1915, and extend to the present 
time” (1951) (75, p. 120). At all periods, published sources have repre- 
sented only a sample of the available materials comprising the com- 
pleted portion of the theory. Other sources include: (1) the long series 
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of mimeographed seminar notes and “memoranda concerning behavior 
theory” (e.g., 46, 51, 57) which Hull sent to interested people in the 
profession, at sporadic intervals; (2) unpublished manuscripts circulated 
by Hull among students and associates; (3) pre-publication drafts of 
manuscripts which often contained materials not included in the pub- 
lished versions. It should be recorded here that, at the time of Hull’s 
death, the manuscript for an extended book concerned with “concrete 
deductions of the systematic details of individual (nonsocial) behavior” 
(70, p. 174) from the new theory, was nearing completion. 

All the above considerations complicate the problems faced by the 
analyst of Hullian theory. In order to facilitate meaningful treatment 
within manageable scope, the field of the present analysis has been 
circumscribed in a number of ways. 

1) The most influential form of the theory, in its effect on the psycho- 
logical public, has certainly been that contained in Principles of Be- 
havior. It is also the only formulation of a “complete” (i.c., “non-minia- 
ture”) Hullian postulate set put forward with sufficient indication of the 
inductive basis and general rationale of the main assumptions to permit 
detailed and determinate analysis. For these reasons, the pivot of any 
comprehensive examination of Hull’s theoretical effort must be the 
formulations of Principles of Behavior. Nevertheless, the postulate set 
of 1949, as later elaborated in the 1951 book, Essentials of Behavior, 
defines a set of assumptions so radically different from those of Principles 
of Behavior as to constitute an essentially new theory. Although there is 
reason to believe that the 1943 version of the system will remain a more 
influential formulation, no adequate evaluation of the consequences of 
Hull’s theoretical objectives and methods can be made without serious 
consideration of the later work. Indeed, insight into the full significance 
of the orienting commitments and methods which underlie the theory of 
Principles of Behavior, only becomes possible through the backward illu- 
mination cast by the 1949-1951 postulates. Thus, consideration of the 1943 
theory demands supplementation by analysis of the theory of 1949-1951, 
and we must accept the paradox of reporting on two theories in order to 
appreciate the significance of one of them. 

2) The central references, then, on which this report is based are 
Principles of Behavior and Essentials of Behavior The long series of 
journal articles germane to the theory (1929-1951) and the book, Mathe- 
matico-Deductive Theory of Rote Learning (51) will also be tapped. 
For the most part, the report will be based on published, rather than 
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“Tn all further references to these volumes, Principles of Behavior will be abbrevi- 
ated to Pr.B. and Essentials of Behavior to Essentials. 
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sources will not be used. Much of this material overlaps with published 
sources, and much represents trial-error theoretical sallies later aban- 
doned by Hull. As for the remainder, the fact that Hull has withheld or 
postponed public commitment makes its status with respect to the pub- 
lished theory indeterminate. 

3) Despite the above restrictions, any attempt to deal analytically 
with a set of formulations so extensive as Hull’s must proceed from a 
selective incidence. At this moment in the history of psychology, a 
report on Hull’s work could be slanted in any one of a number of direc- 
tions. One of these might be an evaluation of the empirical evidence for 
or against the major Hullian hypotheses which are deemed most valuable. 
Another might be an assessment of the survival prospects of various com- 
ponents of the system, or an estimate of what modifications and creative 
refinements might be made in order to insure the perpetuation of the 
“theory” as a coherent systematic approach to the analysis of behavior. 
The present report takes quite another question as its primary concern. It 
asks: what kind of a theory can Hull be said to have; what are the 
orienting commitments and methods which underlie its construction; what 
is the degree of correspondence between Hull’s theoretical objectives and 
the resulting theoretical structure? 

Hull’s theory is the product of a period of heroic optimism in 
recent theoretical psychology. The keynote of this era is the belief in the 
imminent feasibility of comprehensive theory, having an unrestricted 
range of application to the major phenomena of organismic behavior, 
This era—dating roughly from 1930—seems distinctly on the wane. Yet, 
it would not be quite correct to say that it is over. If, within recent years, 
we have learned that the major “theories” which dominated psychology 
during the thirties and forties were, in reality, over-extended programs 
towards theory, we have not yet arrived at a clear perception of the 
enormity of the distance separating such programs from theory, nor 
have we settled on the characteristics of those programs and objectives 
which might mediate realistic progress. Perhaps the single greatest 
barrier to appreciation of the need for reassessment of where we stand 
today is the belief that the heroic era has given us one formulation which 
isa theory in the most rigorous natural science connotation of the word. 
Not only Hull’s supporters, but even many of his critics, seem unques- 
tioningly agreed that Hull has put forward a detailed, high order, de- 
terminate theoretical structure. Curiously enough, Hull’s followers are 
likely to argue that, even if Hull is wrong, he at least has a determinate 
theory, while opponents are likely to urge that Hull must be wrong, 
because he has a determinate theory. For these reasons, it is of the first 
importance to test Hull’s formulations against the criteria of rigorous 
natural science theoretical procedure—eminently fair criteria, in Hull’s 
Case, because he explicitly adopted them. 
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The foregoing objectives have determined the form and level of this 
report. Part I applies to the formulations of Pr.B., a set of analytic 
rubrics deemed adequate to characterize the methodological status of 
any scientific formulation having theoretical intentions. Part II compares 
the theory of Pr.B. with the markedly different formulations of the 
1949-1951 postulate sets, and inquires into the grounds for the difference. 
Part I seeks to cover maximum ground, in its application to the theory 
of the manifold analytic rubrics, by adhering to a pattern of widespread 
but brief sampling; Part II can only realize its objective by means of a 
more discursive mode of presentation. Part III adds a brief set of sum- 
marizing evaluations. 

In general, the presentation presupposes familiarity with the material 
under analysis, and frequent reference, on the part of the reader, to the 
cited sources is desirable. The presentation is frankly evaluative in in- 
tent: Hull’s writings are quoted or summarized only to an extent that 
makes evaluative analysis possible, and evaluative discussion is not par- 
celed into special sections, but is interlarded throughout the exposition. 

There is a sense in which a distinction may be made between Hull’s 
theory and Hullian theory. Certain of Hull’s core hypotheses have re- 
ceived significant independent elaboration by such people as Spence, 
Miller, Dollard, Mowrer and others. It is entirely possible that Hull’s 
future impact on the field may be registered primarily through the efforts 
of such workers. Nevertheless, consideration of the various brands of 


Hullian deviationism or neo-Hullianism is not within the province of this 
report. 


Part I. The Theory of Principles of Behavior 


A. HULL'S ORIENTATIVE ATTITUDES 


Connected with the formulation of any empirical theory is a set of 
statements which talk about the theory. In an explicitly formalized 
theory, the statements which refer to the elements of the theory, rather 
than to whatever constitutes the objects of the theory, comprise the 
metatheory of the system in question. No theory can be constructed, 
interpreted, or applied without the specification of a metatheory. In 
unformalized, quasi-formalized, and partly formalized “theories,” what- 
ever corresponds to metatheory becomes of very great importance, for 
such formulations must be understood largely as proposals for the con- 
struction of theories, rather than fully realized theories. Indeed, in most 
of the nonformal and incomplete “theories” characteristic of present 
psychology, the formulations consist mainly of statements ultimately rele- 
vant to the metatheory rather than the object-language of the projected 
“theory.” It is thus essential, in any analysis of such “theories,” to examine 
with care statements which the theorist makes about the aims of his 
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“theory,” the nature and level of the concepts he employs, the grounds 
for the selection of concepts, and principles, ete. Should the theorist pro- 
ceed to the detailed development of any part of a projected “theory,” it 
becomes critically important to compare this realized portion of the 
theoretical program with what the theorist has said about the proposed 
“theory.” In this way, valuable information about the feasibility of the 
program, the potential fruitfulness of the theorist’s orientative proposals, 
and even the degree of intellectual responsibility of the theorist, may be 
gained. 

In this section, we itemize those of Hull’s orientative attitudes which 
we believe to be of importance in characterizing the nature of his theoreti- 
cal program. This itemization of orienting attitudes will make available 
a condensation of Hull’s professed theoretical intentions which can be 
related to the discussion of specific aspects of the theory, later in the 
report. The characterizations of these orientative commitments are infer- 
ences based, so far as possible, on concrete metatheoretical statements 
made by Hull. 

Getting the orienting attitudes of a theorist into focus demands that 
they be seen in relation to the influences which serve as the theorist’s 
point of departure. For this reason, we attempt an initial delineation of 
Hull’s more general orienting notions by examining (1) his relation to the 
behaviorist tradition. We then summarize more specific orienting com- 
mitments with respect to: (2) formal characteristics of adequate theory, 
(3) level of descriptive and explanatory concepts, and (4) background 
considerations used as accessory criteria for hypothesis formation. 


I. Relations to Behaviorist Tradition 


It is fashionable to label Hull a “neo-behaviorist.” In order to under- 
stand his most general orientative ideas, it becomes necessary to de- 
termine wherein Hull is a “behaviorist,” and wherein “neo.” 

The “classical” behaviorism of Watson, Weiss, Holt, ete., which 
achieved the peak of its influence in the mid-twenties, was itself little 
More than a set of orientative attitudes. Behaviorism was a vocal and 
energetic movement towards theory, but not a single behavioristic writer 
put forth a conerete theory, or even a particularly detailed program 
for theory. Individual early behaviorists were often far apart on con- 
crete empirical issues. The core of the movement was a common set of 
orientative attitudes, the most prominent of which were the following. 

1) The insistence on inter-subjective (objective) techniques for secur- 
img and expressing empirical data. This was held to be incompatible with 
the continued use of “introspective,” “subjective,” or “anthropomorphic” 
methods. 

2) The advocacy of stimulus and response variables as the only legiti- 
mate independent and dependent variables in which to express the re- 
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sults of psychological research, and formulate theory. In line with this, 
the task of psychology was represented (by Watson and others) in some 
such way as “given the stimulus, to predict the response, and given the 
response, to infer the stimulus.” 

3) The commitment to conditioned response principles, or some re- 
lated form of S-R associationism, as the basic laws of learning. In writers 
like Watson, this commitment went little further than the assertion that 
learning could be accounted for by C.R. principles, and the absence of an 
attempt to elaborate conditioning theory in a systematic or detailed way 
was conspicuous. Writers like Guthrie (by no means a typical early 
behaviorist) and Holt did carry out applications of associationistic princi- 
ples to concrete learning phenomena, but their 
informal and exploratory character. 

4) A strong emphasis on “peripheral” determinants of behavior. This 
emphasis is, of course, related to the S-R orientation, the plausibility of 
which behaviorists tried to buttress by showing how all effective behavior 
determinants and processes could be gotten into S-R terms. Thus we 
find the peripheral or motor theory of thinking, the preoccupation with 
the explanatory possibilities of proprioceptive and internal stimulus 
factors, and the general devaluation of the importance of central processes 
—all characteristic of early behaviorism. It is not unfair to note a cer- 
tain coherence between the behavioristic insistence on “objective” 
methods and the stress on peripheral theorizing. 

5) An emphasis on extreme environmentalism. 

Hull operates within the general frame of reference defined by the 
first four behavioristic orientative attitudes. He is: (1) an objectivist, 
(2) an S-R theorist, (3) a user of C.R. principles, and (4) a peripheralist 
—but he holds and applies all these attitudes with a difference. Hull is 
not at all coy about explicitly pointing up these differences. As early as 


1930, in the second article devoted to the exposition of his theory, Hull 
wrote: 


attempts were of an 


Perhaps no theorists have been more naive in their 


struction than those who seek in the principles of sti 
explanation 


far, none h 


attempts at system con- 
mulus-response the main 
of those forms of behavior called mental. It may even be that, thus 


ave failed much worse in achieving the solid substance of genuine 


*The degree of a theorist’s “environmentalism” is a tenuous (and rather futile) 
thing to measure, but it is safe to say that Hull recognizes the efficacy of innate be- 
havior determinants to a greater degree than writers like Watson and Holt. Hull 
has stated: “There is much reason to believe . . . that even if organisms could be 
subjected to identical environmental cı i 
great differences would still be display: 


whole and in the behavior of the individual organisms of each species. Such differ- 
ences must presumably be regarded as dependent upon, i.e., derived from, differences 
in the innate or original nature and constitution of the individual organism. We 
shall accordingly call them innate differences” (59, p. 56). 
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explanation. Even so, the author has considerable confidence in the possibilities 
of this point of view (28, pp. 242-243). 


Perhaps the single most general difference between Hull's approach 
and that of classical behaviorism is implied in the above quotation (and 
related passages in the same article). Hull is self-consciously setting him- 
self within the behaviorist framework. Yet he is sharply criticizing earlier 
behaviorism for its failure to exploit this point of view in a systematic 
and detailed way. In its most general sense, the “neo” part of Hull’s 
“neo-behaviorism” is based on his firm intention to assume intellectual 
responsibility for developing the orienting principles of behaviorism by 
means of detailed hypothetico-deductive procedures. The strength of 
Hull’s conviction is indicated by the fervor with which he advertises the 
merits of strict postulational procedures not only in this early article, 
but in virtually every one of his subsequent theoretical publications. 

We will now outline certain of the more specific contrasts between 
Hull’s approach and the several orientative attitudes of earlier behavior- 
ism from which his approach stems. 

a. Objectivism. The objectivism of early behaviorism was partly a 
methodological, partly a metaphysical thesis. Methodologically, the 
behaviorists’ insistence on “objective observation” seemed motivated 
mainly by the aim to insure inter-subjective definition and application of 
Psychological concepts. This methodological proposal was in certain con- 
spicuous cases presented along with a denial of the “existence of con- 
sciousness.” 

Hull explicitly rejects the metaphysical component of the thesis. In 
Mind, Mechanism and Adaptive Behavior, he writes: 


What, then, shall we say about consciousness? Is its existence denied? By no 
Means. But to recognize the existence of a phenomenon is not the same thing 
as insisting upon its basic, i.e. logical, priority. Instead of furnishing a means 
for the solution of problems, consciousness appears to be itself a problem needing 
Solution (42, p. 30). 


Hull’s methodological objectivism is, on the other hand, compatible with 
the methodological aspect of the early behavioristic thesis, but it is de- 
veloped more sharply. Early behaviorism was concerned mainly with 
Suarantecing the inter-subjectivity of the descriptive (first-order) con- 
cepts used to express empirical data in psychology. It was implicitly 
committed to what we can now characterize as some form of the “physi- 
cal thing language,” as a reduction basis for psychological statements. 
Hull, too, is committed, by declared intention, to a physicalism in this 
Sense, but Hull, with his more sophisticated conception of theory, and 
his more explicit use of intervening variables, has taken greater pains to 
trace out the consequences of objectivism at the level of explanatory 
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theory. His major concern, in this connection, is to point out the danger 
in the use of intervening variables which are not “securely anchored” by 
explicit functional relationships to antecedent independent, and conse- 
quent dependent, variables. For instance, in Pr.B., he states: 


This surreptitious substitution and acceptance of one’s knowledge of what 
needs to be done in a biological emergency for a theoretical deduction is the 
essence of what we shall call anthropomorphism, or the subjective, in behavior 
theory. . . . The only known cure for this unfortunate tendency to which all 
men are more or less subject is a grim and inflexible insistence that all deduc- 
tions take place according to the explicitly formulated rules stating the func- 
tional relationships of A to X and of X to B. This latter is the essence of the 
scientifically objective (56, p. 24; Cf. also pp. 23-28, and the 2nd note, p. 30). 


b. S-R orientation. Hull is, of course, committed to the use of stimulus 
and response terms as the basic conceptual units for the designation of 
the independent and dependent variables of his theory. So were early 
behaviorists. But from this point on, a number of differences arise. 

(a) Classical behaviorists were notoriously vague about their concep- 
tion of theory, and insensitive to the nature of the theoretical procedures 
either embodied in or implied by their own theoretical efforts. For 
instance, in writers like Watson, it is difficult to tell whether the intention 
is to proceed in terms of direct S-R correlations, or to admit mediating 
concepts of the sort that we now call intervening variables. Whatever 
the intention, there is good evidence to suggest that certain intervening 
variables are implied in Watson’s formulations (e.g., “reflex connections,” 
hypothetical proprioceptive stimulus factors, etc.). Insofar as early be- 
haviorists acknowledged or presupposed intervening variables, however, 
they tended to be few in number and to represent either inferred stimulus 
factors, or factors uniquely determined by independent “stimulus” 
ables. 

Hull, on the other hand, has explicitly introduced a complex array of 
intervening variables, certain of which are not uniquely determined by 
independent variables having the nature of a stimulus. Notable among 
these is the intervening variable of “drive” (D), to which Hull, in Pr.B, 
attributed a “sensitizing” or “energizing” function, in addition to the 
“persisting stimulus” role formerly assigned to this concept (56, pp. 
226-257). Since D, at least partly by virtue of its general energizing 
function, is assumed to combine multiplicatively with habit strength 
(sHr) in the determination of a pivotal intervening variable, reaction 
potential (sZ,), and since a number of subsequent links in the lengthy 
intervening variable chain between sEp and final response are partly 
determined by sEp, it is clear that this non-stimulus determined variable 
plays an important role in the theory. Another intervening variable which 
does not seem uniquely determined by antecedent stimulus factors is “re- 
active inhibition” (Iz). This is conceived as a “primary negative drive” 


vari- 
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generated by the occurrence of a reaction, and having among its antecedent 
independent variable conditions, the “work (IV) involved in the execution 
of the response” (56, p. 300). It should be emphasized that the presence 
of such constructs in Hull’s theory constitutes one of the more significant 
deviations from the traditional behaviorist framework, and even from 
the earlier (pre-1943) forms of Hull’s own theory. 

(b) It has become a truism to observe that early behaviorists were 
systematically ambiguous in their definitions and applications of the 
concepts “stimulus” and “response.” The term “stimulus” was indiscrimi- 
nately applied to states of affairs ranging from the physical energy 
change acting on a single receptor to the behavior-evoking effect of a com- 
plex social situation, while “response” could designate anything from the 
contraction of a single muscle cell, to the name of a class of end results 
brought about by a widely varying range of movement sequences. In his 
earlier publications, Hull showed an almost comparable indiscriminate- 
ness in his use of stimulus and response concepts, but he seemed sensi- 
tive to the nature and magnitude of the problems (e.g., 43, p. 219). In 
any case, unlike earlier behaviorists, Hull has made an explicit attempt 
to cope with so-called problems of “stimulus equivalence” (47, 50, 56, 60, 
63, 67), and (to a lesser extent) “response equivalence” (34, 35). We 
reserve evaluation of the success of these attempts for later parts of this 
report. 

c. Use of C.R. principles. One of the sharpest contrasts between Hull 
and early behaviorism may be found in Hull’s use of C.R. principles. His 
attitude toward the utility of C.R. principles is also of critical significance 
for delineating the empirical area which Hull feels to be most fruitful in 
Providing inductive materials for the construction of behavior theory. 

Differences in Hull’s approach to C.R. materials and that of earlier 
behaviorists like Watson may be summarily stated as follows. 

(a) Unlike earlier behaviorists, Hull is not in any direct and literal 
Sense a C.R. theorist. For Hull, the basic conditions under which learning 
takes place are not adequately characterized by the principle of condi- 
tioning in its Pavlovian form, or indeed any variant form which regards 
Contiguous association of stimulus and response to be a sufficient condition 
for the occurrence of learning. Rather, Hull feels that the Pavlovian 
theory of conditioning represents a special case of a principle which, since 
1937, has represented the central postulate of his theory—the so-called 
= 
. “In early theoretical articles Hull had tended to rely on a principle of “condition- 
mg” or “redintegration” as his primary learning assumption. He first gave evidence 
of veering towards a “law of effect” position in a review of Thorndike’s Fundamen- 
tals of Learning, published in 1935 (41). The first formal appearance of a principle 
of reinforcement in a published postulate set appears in 1937 as “postulate 2” of 
the Mind, Mechanism and Adaptive Behavior system (42. p. 16). This postulate 
Was there designated the principle of “positive association,” but it makes associa- 
lon contingent on a “reinforcing state of affairs.” 
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“principle of reinforcement.” The principle of reinforcement, in turn, 
represents an objectively retranslated and pseudo-quantitative form of 
Thorndike’s “Law of Effect.” In the 1937 miniature formalization of his 
theory appearing in Mind, Mechanism and Adaptive Behavior (42, pp. 
17-18), Hull included a “derivation” purporting to show that the Pav- 
lovian C.R. was a special case of the law of reinforcement, and his posi- 
tion did not change. 

If the C.R. is a special case of the law of effect, Hull can then assume 
that many of the detailed relationships which hold for C.R. situations, 
must also hold for “law of effect” learning situations. Observing that the 
experimental situation used in C.R. work tends to approximate condi- 
tions of ideal simplicity, Hull feels that it is fruitful “to combine Thorn- 
dike’s sounder empirical generalization with the numerous behavioral 
laws discovered by the economical C.R. mode of experimentation” for 
the development of a comprehensive theory. 

(b) It should be clear, then, that for Hull, the empirical generalizations 
arising from C.R. research are of the first importance in providing the raw 
materials for the postulates of behavior theory. But such generalizations 
do not function directly, or in an unaltered form, as postulates. Thus, a 
second contrast arises between the way Hull and earlier behaviorists 
utilized C.R. principles. Insofar as earlier behaviorists tended to use C.R. 
principles in conerete explanatory contexts, there w. 
attempt to translate such principles into the system 1 
Hull, on the other hand, translates whatever C.R. ge 
into the constructs of his system. 

(c) Earlier behaviorists were content to use C.R. principles in the 
qualitative form in which (for the most part) they arose out of Pavlovian 
and later research. From his earliest articles on, however, Hull advertised 
the intention to work towards quantitative behavior theory. In line with 
this, he advocated and applied the procedure of fitting empirical equa- 
tions to data deriving from conditioning and other types of learning 
situations. 

d. Peripheralism. The peripheralism of earlier behavioristic writers 
was a major emphasis, manifested by a general tendency to retranslate 
various classes of phenomena traditionally regarded as “mental,” or 
intimately related to the operation of higher levels of the central nervous 
system, into “motor,” “muscular,” and more directly, “kinesthetic” terms. 
In this way, the roles of possible peripheral mechanisms in the mediation 
of thinking, imaginal Processes, set and attending, emotional behavior, 
ete. were more or less casually explored. Such analyses were presented in 
a speculative way, and were not supported by systematic and detailed 
explorations of the explanatory potentialities of the concepts put for- 
ward. One of Hull’s central interests was in elaborating the explanatory 
possibilities of such peripheral mechanisms, in a more concrete way than 


as no thoroughgoing 
anguage of a theory. 
neralizations he uses 
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did his behaviorist predecessors. Accordingly, Hull has deductively ex- 
plored the possible roles of such conceptual mechanisms as “propriocep- 
tive stimulation,” “the drive stimulus” (Sp), and the “fractional 
anticipatory goal response” (rg) in the mediation of a wide range of 
behavior phenomena (e.g., 29, 30, 31, 34, 35, 38, 44, 56). Indeed, the 
attempt to tease out the possible roles of such mechanisms in the chain- 
ing of response sequences, behavioral “short circuiting,” “foresight,” 
various forms of “insight,” etc., has perhaps been one of Hull’s major 
contributions to the field. 

The strength of Hull’s predilection for peripheralism seems generally 
reflected in his writing by a tendency to keep out of the brain everything 
that he can possibly get into the afferent or efferent segments of the 
nervous system. Thus, when in 1943, he made provision in his system 
for the hypothetical process of “neural interaction,’ he insisted on 
haming the relevant principle, “afferent neural interaction.” It is clear, 
from his discussion of this postulate in the text of Pr.B. (56, pp. 42-44; 
48-49), that he grants the possibility of such interaction taking place in 
the cortex, but it seems equally clear in the same discussion that his 
preference is for such events taking place “in the end organ itself” or “in 
nuclei lying between the end organ and the brain” (p. 43). NOF ; 

The preceding discussion of Hull’s relation to the behaviorist tradi- 
tion should serve to define the main coordinates of his system of orien- 
tative attitudes. To complete the picture, it is now necessary to 
Summarize certain more specific orientative commitments. 


2. Formal Characteristics of Adequate Theory 


Hull’s advocacy of the use in psychology of precise, hypothetico-deduc- 
tive theoretical techniques has already been noted. But the fervor of 
the attitudes underlying this objective must be appreciated, if we are to 
assess adequately the direction of Hull’s theoretical efforts, as they de- 
veloped over the years. Evaluation of Hull’s application of hypothetico- 
deductive methods is reseved for a later section of the report. The pur- 
Pose here is to spell out certain features of the attitudinal orientation 
towards method, which has determined the development of Hull’s theory. 

In virtually every one of his theoretical publications, Hull felt com- 
pelled to include general discussion of the nature of scientific theory, and 
to lay down corresponding prescriptions for the construction of adequate 
Psychological theory. These discussions have varied in extent, from a few 
Scattered paragraphs (e.g., 28, 29, 30, 34, 38, 44), to detailed analyses of 
the nature of theory (42, 51, 56). . : 

In his second theoretical article, Simple Trial and Error Learning (28), 
references to theoretical method reveal a number of emphases which 
reappear, as a kind of obsessive leit-motif, in subsequent theoretical 
Publications. These emphases are somewhat as follows. 
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(a) Legitimate scientific explanation requires the detailed deduction 
of a “phenomenon” from a set of explicit and unambiguous postulates 
and definitions. 

(b) The capacity of a theory to generate novel (i.e., previously un- 
formulated) empirical relationships is a particularly significant measure 
of its fruitfulness (and even, apparently, its probability value). 

(c) Ambiguous, insufficiently explicit, or inadequately stated hy- 
potheses cannot be subjected to determinate experimental test. 

(d) Theoretical methods of a precise order can already be used in 
psychology. (By way of demonstrating this, Hull then puts forward the 
set of theoretical deductions—at one or another level of specificity and 
formality—which comprises the main substance of the given publication.) 

(e) Theorists of supposedly opposing viewpoints must face the responsi- 
bility of showing, in detail, how their own postulates can generate de- 
ductions similar to those presented by Hull. If they cannot make determi- 
nate derivations from their principles, then they have no theory. If they 
can perform similar deductions, then to this extent their theories are in 
agreement with Hull’s. If certain of the deductions from the opposing 
sets of principles are in conflict, then the matter should be resolved in the 
laboratory. 

In the earlier phases of his career as theorist, Hull seemed to be gearing 
his concrete theoretical efforts to relatively modest objectives. In each of 
the theoretical articles preceding 1935, Hull explored the consequences of 
a limited group of tentatively formulated hypotheses. Such hypotheses 
were stated qualitatively and certain of their more important conse- 
quences were informally “derived” by a more or less closely reasoned 
indication of the steps connecting “deductions” with their premises. 
Nevertheless, the drive toward rigorous formalization and quantification 
was revealed, even during this period, by frequent comments occurring in 
the embedding material accompanying the various theoretical analyses. 

The second phase in the quest for hypothetico-deductive rigor came 
into evidence with the publication of the “miniature systems” on rote 
learning in 1935 (39), and adaptive behavior in 1937 (42). These 
“systems” represent crude qualitative formalizations, patterned more oF 
less vaguely on the model of geometry. In each case, a set of verbally 
stated postulates and definitions are given, and brief theorem sequences 
are derived, the major steps of the derivations being recorded in greater 
detail than in the case of the earlier, less formal publications. However, 
even in the 1935 article which presents the rote learning system, Hull 
is clearly not satisfied with non-quantitative formalization. He writes: 


At present . . . the superficial appearance of the concepts regarding learning 
which are current among our theorists does not suggest ready mathematical 
treatment. And while this condition is probably more apparent than real, it 
seems to raise the important question as to whether rigorous logical deductions 


CLARK L. HULL 13 


can be made on the basis of such quasi-mathematical concepts as have so far 
emerged from behavior experiments (39, p. 498). 

By 1939, the “condition” referred to in the above passage is no longer 
even “apparent.” In this year, Hull et al. published Mathematico-Deduc- 
tive Theory of Rote Learning (51). This most elaborate of Hull’s attempts 
at formalization puts forward 18 postulates, and the derivations of a 
large number of theorems in both mathematical and verbal form. In 
addition, the 86 definitions are stated alternately in English, and sym- 
bolie logic, and symbolic logical equivalents for the postulates are also 
given. From this point on, the preoccupation with quantification becomes 
the dominant factor in Hull’s theoretical work. By 1943, Hull felt it pos- 
sible to put forward, in Pr.B., a tentative postulate set for a comprehen- 
sive theory of behavior, the major postulates of which were formulated 
In (presumably) quantitative terms. Since much of the “quantitative” 
Material in that work was admittedly illustrative, Hull devoted most of 
his effort from 1943 to his death in 1952, to an attempt to achieve genuine 
quantification. The results of these endeavors are registered in the re- 
“ised postulate sets of 1949-1951 (68, 69, 70, 75). 


3. Level of Descriptive and Explanatory Concepts 


In this section, we ask questions concerning the “level of analysis” to 
Which the conceptual elements of Hull’s theory are geared. With regard 
.° & psychological theory, at least two types of questions concerning 

level of analysis” may be raised. 

(a) What is the level of the elements of the theory, as defined by 
Membership in the language system of one or another of the extant 
Sciences which are believed to concern different “levels” of the same 
Subject matter (e.g., physiology, bio-chemistry, physies) ? 

(b) What is the “level” of the elements of a theory, as defined by 

S “speeificity-generality” or “fineness-coarseness” of the variables desig- 
Nated by those elements, within the scientific language system to which 
they belong? s 

Tt should be clear that discussions of whether a psychological theory 

or theorist) is “behavioral” or “physiological,” “molecular” or “molar,” 
tend frequently to confuse (a) and (b). It is also evident that such dis- 
“Ussions are often further confused by failure to recognize that different 
Clements of the theory may (and usually do) belong to quite different 
SClentj le two or more elements at the same 


fic langua t whi 
ge systems, x a | 
Mguistie level may vary quite widely in “specificity.” f 

In order to avoid complex and extended analysis at this place, we will 


l 
et Hull speak for himself: 


Students of the social sciences are presented with the dilemma of waiting 


til the physico-chemical problems of neurophysiology have been adequately 
Olved before beginning the elaboration of behavior theory, or of proceeding in 
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a provisional manner with certain reasonably stable principles of the coarse, 
macroscopic or molar action of the nervous system whereby movements are 
evoked by stimuli, particularly as related to the history of the individual 
organism. 

There can hardly be any doubt that a theory of molar behavior founded upon 
an adequate knowledge of both molecular and molar principles would in general 
be more satisfactory than one founded upon molar considerations alone. But 
here again the history of physical science is suggestive. Owing to the fact that 
Galileo and Newton carried out their molar investigations, the world has had 
the use of a theory which was in very close approximation to observations at 
the molar level for nearly three hundred years before the development of the 
molecular science of modern relativity and quantum theory. . . . It is conceivable 
that the elaboration of a systematic science of behavior at a molar level may 
aid in the development of an adequate neurophysiology and thus lead in the end 
to a truly molecular theory of behavior firmly based on physiology. 

It happens that a goodly number of quasi-neurological principles have now 
been determined by careful experiments designed to trace out the relationship 
of the molar behavior of organisms, usually as integrated wholes, to well-con- 
trolled stimulus situations. Many of the more promising of these principles 
were roughly isolated in the first instance by the Russian physiologist, Pavlov, 
and his pupils. . . . Because of the pressing nature of behavior problems, both 
practical and theoretical aspects of behavior science are, upon the whole, being 
developed according to the second of the two alternatives outlined above. For 
these reasons the molar approach is employed in the present work. 

In this connection it is to be noted carefully that the alternatives of micro- 
scopic versus macroscopic and molecular versus molar, are relative rather than 
absolute. In short, there are degrees of the molar, depending on the coarseness of 
the ultimate causal segments or units dealt with. Other things equal, it would 
seem wisest to keep the causal segments small, to approach the molecular, the 
fine and exact substructural details, just as closely as the knowledge of that sub- 
structure renders possible. There is much reason to believe that the seeming 
disagreements among current students of behavior may be largely due to the 
difference in the degree of the molar at which the several investigators are 
working (56, pp. 20-21). 

The above passages represent Hull’s answers to the two questions which 
we distinguished concerning level of analysis. His replies are Pickwickian 
to say the least. 

To query (a), he answers that the elements of his theory belong to the 
language of “a systematic science of behavior at a molar level.” However; 
his theory is apparently based on “a goodly number of quasi-neurological 
principles” [italics mine], whatever that means. 

To query (b), Hull answers that the “ultimate causal segments” dis- 
criminated by his theory are to be kept “small.” They are “to approach 
the molecular, the fine and exact substructural details, just as closely aS 
the knowledge of that substructure renders possible.” However, Hull 
scems to be assuming that the degree of “fineness” or “exactness” of the 
elements of a behavior theory is identical with, or varies directly with, 
closeness or fidelity to “substructural” or “molecular” detail, such detail 
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corresponding, no doubt, to neurophysiological subject matter. Such an 
assumption does not seem reasonable. 

Hull's views on the level of analysis at which he approaches his subject 
matter, insofar as they can be given meaning, should be borne in mind 
during the examination of his theory. In the light of the indeterminacy 
of these views, it should not be surprising that a systematic ambiguity 
arent with respect to the behavioral versus physio- 


has long seemed app 
status, of certain of the Hullian concepts. 


E p level, and the reality 
his question will be pursued further, later in the report. 


4. Background Considerations Used as Accessory Criteria for 


Hypothesis Formation 

Here it is appropriate to make reference to a background factor in 
Hull's thinking which has played a role in determining the nature of his 
theory, This is Hull’s constant preoccupation with the conditions of 
biological adaptation and organismic survival. Such considerations of 
adaptive dynamics” seem to have guided the choice of hypotheses 


throughout the development of the theory. A 
Hull's emphasis on the necessity of choosing postulates in accordance 


With their potentialities for mediating deductions of the “adaptive” 
characteristics of behavior, has been so persistent that some of his 
readers have been led to believe the concept of “biological adaptation” 
(and related concepts) to be an integral element of his system. To such an 
interpretation, Hull has made the following rejoinder (56, p. 66): 


. The emphasis . . . on the general significance of organic evolution in adapt- 
ing organisms to meet critical biological emergencies calls for a word of comment. 
: - . It is the view of the author that adaptive considerations are useful in mak- 
mg a preliminary survey in the search for postulates, but that once the postu- 
ates have been selected they must stand on their own feet. This means that once 


Chosen, post inciples of behavior must be able to yield deductions in 
postulates or principles na of behavior; and, failing this, that 


agreement wi : 
with observed detailed phenomena ©. > 
= amount of a priori general adaptive plausibility will save such a postulate 
om being abandoned. 
The importance of the role played by Hull’s Darwinianism, is indicated 
Y the following characterization of the task of behavior science: 
nee of behavior to isolate the basic laws 
mbinations of stimulation, arising from 
d and the state of the environment on the other, 
paracteristic of different organisms. A closely 
hy the behavior so mediated is so generally 
aptive, i.e <sful in the sense of reducing needs and facilitating survival, 
and why it p Socr on those occasions when survival is not facilitated 
(56, p. 19). 


scie: 
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In general, Hull has not tended to be a “model” theorist in any explicit 
or conspicuous sense. Yet, his “adaptive dynamics” criterion of hypothesis 
selection has tended to perform very much the same role in his thinking 
as do detailed models in the case of other theorists. Indeed, this criterion 
serves as the basis of a device which figures prominently in Hull’s think- 
ing and which possesses certain of the properties of more formal models. 
Hull describes this “device” as follows: 


A device much employed by the author has proved itself to be a far more effec- 
tive prophylaxis. This is to regard, from time to time, the behaving organism as 
a completely self-maintaining robot, constructed of materials as unlike ourselves 
as may be. In doing this it is not necessary to attempt the solution of the de- 
tailed engineering problems connected with the design of such a creature. It is a 
wholesome and revealing exercise, however, to consider the various problems in 
behavior dynamics which must be solved in the design of a truly self-maintaining 
robot (56, p. 27). 


The above is the only published reference to the Hullian robot which 
the writer has seen. There is additional evidence, though, that the device 
played an important heuristic role in Hull’s thinking. In about 1941- 
1942, the writer read a pre-publication draft of Pr.B. which had the 
robot frolicking about through the course of an entire chapter. A scries of 
questions were asked with regard to what conditions the design of a robot 
would have to satisfy, for various types of behavioral adaptation to 
occur. 


5. Summary of Principal Orientative Commitments 


Neglecting certain of the indeterminacies in Hull’s statements of objec- 
tives, we may reconstruct, from the preceding discussion, the following 
summary profile of Hull’s orientative attitudes. 

(a) Hull seeks to construct a “molar science of behavior,” the primary 
task of which is to “isolate the basic laws or rules according to which 
various combinations of stimulation, arising from the state of need on 
the one hand and the state of the environment on the other, bring about 
the kind of behavior characteristic of different organisms.” 

(b) These laws are to be inter-subjectively stated and validated. 

(c) Insofar as possible, “peripheral” behavior determinants are to be 
employed. The independent and dependent variables are to be expressible 
mainly in “stimulus” and “response” terms, while the intervening vari- 
ables may or may not be uniquely determined by antecedent stimulus 
variables. 

(d) The inductive basis of these laws is to consist of the empirical 
generalizations arising from “law of effect” and conditioned response 
experimentation. Such empirical generalizations are to be translated into 


a 
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the terms of a systematic behavior theory language, and are to be 
quantified in terms of empirical curve-fitting procedures. 

(e) Principles constructed in the above ways are to function as formal 
postulates, and the major phenomena of organismic behavior are to be 
derived as theorems by rigorous logical and mathematical techniques. 
The postulates are to be formulated, at the earliest date possible, as 
fully quantified mathematical equations. 

(f) Terms of the systematic behavior theory referred to in (d), are to 
be defined at a “molar behavioral” level, but they are to do justice to 
neurophysiologieal events, as thoroughly as knowledge permits. 

(g) Initial selection of postulates is to be guided by preliminary con- 
siderations about the extent to which they seem compatible with the 
Tequirements of biological adaptation. The system is to be validated in 
terms of its success in mediating correct deductions concerning both 
adaptive and maladaptive forms of behavior. 


B. STRUCTURE OF THE THEORY 


In this section, we will attempt analytic characterization of the theory 
of Pr.B. The structure of this theory is, of course, defined by the postu- 
lates, definitions, and textual elucidations of concepts put forward in Pr.B, 
Our intention is not expository; it will be assumed that Pr.B. or some 
detailed summary of its postulates (21, 53, 86), is either available, or 
known to the reader. Rather, the intention is to abstract from the postu- 
lates and textual embedding materials the major classes of components 
Constitutive of the theory, and examine the methodological status of each. 

n particular, we will be concerned with evaluating the adequacy of these 
Components in the light of Hull’s theoretical intentions. This we proceed 
to do under the following rubrics: (1) data language, (2) independent 
and dependent variables, (3) intervening variables and (4) construct 
interrelations. 


1. Data Language 
_ Since all empirical definitions of a theory are constructed from a 
linguistic base that may be called the “data language” of the theory in 
question, it is well to begin the analysis of Hull’s theory by a considera- 
tion of his data language. The properties of the theorist’s data language 
May provide valuable clues with regard to the status of the theory. If, for 
Mstance, characteristic inadequacies in the use of data language are 
demonstrable, these must contaminate all empirical (operational) defini- 
lons of the theory, and a corresponding limitation is thereby imposed 
On the significance of all statements made by the theory. 

There are two senses in which one may raise questions as to the “data 
language” of a theory. 
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(1) One may seek to determine the characteristics of the immediate 
data language in which empirical or operational definitions of theoretical 
terms are put forward, and against which primitive and derived state- 
ments of the theory are compared (observation records). 

(2) One may ask questions concerning the proposed or implied epistemic 
reduction basis of the terms of the theory. In this event, one is concerned 
with a logical reconstruction of the characteristics of the “ultimate” con- 
firmation language (i.e., protocol language) to which all proper state- 
ments of the theory are, in principle, reducible. 

The empirical definition of terms in a scientific theory is almost never 
carried to its epistemic reduction basis. Such a procedure would be hope- 
lessly cumbersome, and, for most practical purposes, unnecessary. The 
practice, rather, is to reduce the term to statements which can be assumed 
to have the same, unambiguous meaning for all individuals to whom the 
definition is addressed. In practice, this generally means reduction to 
statements which are still highly remote from the final reduction basis 
of the term in question. There are no explicit pragmatic rules for determin- 
ing at what “level” of reduction does precision of reference become as- 
sured for a given audience, but certain obvious inferences about this can 
be made from the character of the immediate data language relative to 
whatever consensus of language habits exists among the investigators in 
a given field at a given time. For these reasons, we will concern ourselves 
primarily with (a) Hull’s immediate data language. We supplement this 
with brief consideration of (b) the epistemic reduction basis of Hull’s 
theoretical terms. 

a. Hull’s immediate data language. Immediate data language tends 
to appear in two contexts in connection with an empirical system: (1) in 
statements which are explicitly intended to provide operational defini- 
tions of terms in the theory language, and (2) in descriptions of experi- 
mental conditions, observations, and the results of statistical or mathe- 
matical transformations of observations which the theorist is relating in 
some way to the construct language of the theory. In Pr.B. no formal 
operational definitions are given. The empirical reference of theoretical 
terms is either informally indicated in the textual discussion, or left to 
be inferred from use. In later discussion of the mode of definition of 
theoretical variables, we will have occasion to deal extensively with 
such informal operational definition. Here, it will be instructive to con- 
sider some characteristic examples of Hull’s usage of immediate data 
language in connection with the description of experimental materials 
(type 2 above). We begin with two exhibits from Pr.B. 

The first exhibit is of particular interest, because Hull is here introduc- 
ing a detailed description of a “demonstration experiment” in order to 
explain the workings of the basic principle of the theory—“primary re- 
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inforcement.” Thus the use of data language is especially self-conscious 
and detailed. It reads (p. 704): 


Demonstration Experiment A. The laboratory in which the experiment is 
performed is without windows and its walls are painted black; this gives the 
room an appearance of being rather dimly illuminated, though in fact it is not. 
On a table rests a black wooden apparatus about two feet long, a foot wide, 
and a foot high. It has a hinged glass lid which permits clear observation of the 
Interior. The floor of the box consists of small transverse rods of stainless steel 
placed about a quarter inch apart. Midway between the two ends of the box is 
a partition consisting of the same type of metal rods similarly arranged but 
Placed vertically. This partition or barrier reaches to within about four inches 
of the lid. A two-throw electric switch permits the charging of the floor rods of 
either compartment and of the partition with a weak alternating current. 

n a second table nearby there rests a wire cage containing a sleek and lively 
albino rat about one hundred days of age. The laboratory technician opens the 
lid of the cage and the rat at once stands up on its hind legs with its head and 
forepaws outside the aperture. The technician grasps the rat about the middle 
with his bare hand and transfers it to one of the compartments of the apparatus. 

he animal, after a brief pause, begins moving about the compartment, sniffing 
and inspecting the various parts, often stretching up on its hind legs to its full 
length against the walls of the box. 

fter some minutes the technician throws the switch which charges both the 
Partition and the grid upon which the rat is standing. The animal’s behavior 
Changes at once; in place of the deliberate exploratory movements it now dis- 
plays an exaggeratedly mincing mode of locomotion about the compartment 
interspersed with occasional slight squeaks, biting of the bars which are shocking 
Its feet, defecation, urination, and leaps up the walls. These reactions are re- 
Peated in various orders and in various parts of the compartment; sometimes the 
Same act occurs several times in succession, sometimes not. After five or six 
minutes of this variable behavior one of the leaps carries the animal over the 
parier upon the uncharged grid of the second compartment. Here after an 
Mterval of quiescence and heavy breathing the animal cautiously resumes ex- 
Ploratory behavior, much as in the first compartment. Ten minutes after the first 
2p of the barrier the second grid is charged and the animal goes through sub- 
Stantially the same type of variable behavior as before. This finally results in a 
Second leaping of the barrier and ten minutes more of safety, after which this 

is again charged, and so on. In this way the animal is given fifteen trials, 
each terminated by a leap over the barrier. 


The second exhibit is characteristic of the many brief descriptions of 
“Xperiments which are scattered through the theoretical discussions of 


T.B. It runs (pp. 226-229) : 


In the present context we are fortunate in having an excellent empirical study 
Which shows the functional dependence of the persistence of food-seeking be- 
avior jointly on (1) the number of reinforcements of the habit in question, and 
(2) the number of hours of food privation. Perin .. . and Williams . . . trained 
ino rats on a simple bar-pressing habit of the Skinner type... giving 


P “Throughout the remainder of Part I, all quotations from Pr.B. will be identified 
terms of page number only. The bibliographic index number will be omitted. 
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separate groups different numbers of reinforcements varying from 5 to 90 under 
a standard 23 hours’ hunger. Later the groups were subdivided and subjected 
to experimental extinction with the amount of food privation varying from 3 to 
22 hours. 

The gross outcome of this experiment is shown in Fig. 48, where the height 
of each column represents the relative mean number of unreinforced reactions 
performed by each group before experimental extinction yielded a five-minute 
pause between successive bar pressures. The positions of the twelve columns on 
the base shows clearly the number of reinforcements and the number of hours’ 
food privation which produced each. It is evident from an examination of this 
figure that both the number of reinforcements and the number of hours of food 
privation are potent factors in determining resistance to experimental extinction. 
Moreover, it is clear that for any given amount of food privation, e.g., 3 or 22 
hours, the different numbers of reinforcements yield a close approximation to a 
typical positive growth function. On the other hand, it is equally clear that for 
a given number of reinforcements, e.g., 16, the number of hours of food priva- 


tion has an almost linear functional relationship to the resistance to experimental 
extinction. 


It is evident from these two exhibits that the “data language” consists 
of a heterogeneous set of expressions, conforming to the rules of English 
syntax. The expressions derive from everyday discourse, and from a 
variety of scientific languages, including physics, mathematics, biology, 
and psychology. In general, the psychological expressions are restricted 
to terms which derive from a type of uncodified psychological vocabulary 
more or less common to experimental psychologists (e.g., “reaction,” 
“habit,” “bar-pressing habit,” “extinction,” “learning curves,” “thresh- 
old”). There are several intrusions of a term from the construct language 
—reinforcements’’—in the data language of the second exhibit. There is 
also an occurrence in the first exhibit of a term—‘inspecting’”—which 
some investigators may find difficult to apply in a consistent way. In 
general, though, the data language is such as to satisfy reasonable 
standards of inter-subjective applicability, and differs in no significant 
way from the language of any psychological writer when making sense 
in a theoretically neutral context. When the two above exhibits are sup- 
plemented by reference to the data language of Hull’s published experi- 
mental reports (and those of his students), the same properties are in 
evidence—except, perhaps, for a greater frequency and range of construct 
language intrusions. 

As soon as we inquire, however, into the theoretical use which is made 
of such apparently innocuous data language expressions, patent difficulties 
arise. Consider the first exhibit. The purpose of this passage is to demon- 
strate the operation of the fundamental “law” of primary reinforcement. 
This law, in the form given in the ensuing discussion in Pr.B. (p. 71); 
states the conditions under which “an afferent receptor impulse (s) 


resulting from the impact . . . of a stimulus energy (S)” comes to evoke a 
“reaction (2).” 
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The transition from the demonstration experiment of the first exhibit to 
this “law” is mediated by the following passage (p. 71): 

It is evident from the foregoing that the final successful competition of the 
reaction of leaping the barrier (R4) with the various futile reactions of the series 
such as leaping against the wooden walls of the apparatus (R,), squeaking (Rə), 
and biting the floor bars (R) must have resulted, in part at least, from a differ- 
ential strengthening of Ry. It is also evident that each of these competing reac- 
tions was originally evoked by the slightly injurious effects of the current on 
the animal’s feet (the condition of need or drive, D) in conjunction with the 
stimulation (visual, cutaneous, etc.) arising from the apparatus at about the 
time that the reaction took place. The stimulation arising from the apparatus at 
the time of the respective reactions needs to be designated specifically: leaping 
against the wall will be represented by S4; squeaking, by Sas; biting, by Sq; and 
leaping the barrier, by Sy. It is assumed that preceding the learning, the leap- 
ing of the barrier was evoked by a compound connection between the receptor 
discharges sp and s4, arising from Sp and S4 respectively, and R4; ie, Ry must 
have been evoked jointly by the converging connections, Sp —> Ry and saw 
> R. These are the connections which evidently have been strengthened or 
reinforced. Because of this, learning is said to be a procss of reinforcement. 

Note carefully how the various elements of the data language are 
Placed into correspondence with terms in the theory language. Rı is 
ordered to “leaping against the . . . walls of the apparatus,” Rə to 
“squeaking,” Rs to “biting the floor bars,” and R, to “leaping the barrier.” 
If we now inquire what the construct means in Hull’s theory language, 
we nowhere find an adequately detailed or consistent definition. We are, 
however, told, in the glossary (p. 406) that “R = . . . reaction or re- 
sponse in general (muscular, glandular, electrical).” We are also informed 
(p. 25) that, “Our usual thoughtless custom is to speak of cycles of 
behavior by merely naming their outcome, effect or end result, and 
Practically to ignore the various movements which brought this terminal 
State about,” and that (p. 25) “an ideally adequate theory . . . ought 
+». to begin with colorless movement and mere receptor impulses as 
Such.” Thus, Hull is here making very inflated theoretical capital out of 
his data language materials. R1, Re, Rs, and R4 are clearly being identi- 
fied in terms of “outcome,” “effect,” or “end result,” and the data lan- 
guage observation records are being placed in correspondence with the 
construct R in a way which plainly violates the rules of the theory. 

The situation grows worse when we turn to the application of the 
stimulus (S) and receptor impulse (s) constructs. S is defined, in the 
first instance, as “stimulus energy in general, e.g., the energy of sound, 
light, or heat waves, pressure, etc.” (Pp. 407); s is the “afferent neural 
Impulse resulting from the action of a stimulus energy on a receptor” (p. 

97). Also, in postulate 1 which formally introduces these constructs into 
the theory, § is identified as a “stimulus energy” which “impinges on a 


Suitable receptor organ,” and s as the resulting “afferent neural impulse 
, 
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general direction of the effector organs, via the brain” (p. 47). But, in 
the case of the first exhibit, S corresponds to whatever stimulation 
arises “from the apparatus at the time of the respective reactions” [ital. 
mine]. In other words, S is being identified by reference to response, ac- 
cording to some such tacit criterion as “any part of the environment, 
discriminated by the experimenter, which impinges on the organism 
simultaneously with the occurrence of R.” The various S’s are certainly 
not being specified in terms of independent physical energy criteria. As 
for s, its use in the quoted passage represents a supererogatory addition to 
S, on the apparent assumption that whenever an S is, in some way, 
identified, it is legitimate to interpolate a corresponding s. 

Such discrepancies between the data language realizations of stimulus 
and response variables, and the definitions of these variables in the 
construct language of the theory are almost ubiquitous in Hull’s writings. 
The effect is to produce a systematic ambiguity in the basic independent 
and dependent variables (S and R) of the theory. Such an ambiguity in 
the terminal empirical constructs of the theory must necessarily ramify 
into every postulate. We will have occasion to discuss further indeter- 
minacies in Hull’s S and R variables, later in the report. 

Considering, now, the theoretical exploitation made of the substance 
of the second exhibit, we run into another far reaching inadequacy in 
the relations between Hull’s data language and his theory language. The 
second exhibit consists of a very brief paraphrase of the procedures and 
results of the Perin (103) experiment. If we neglect the forgivable intru- 
sion of “number of reinforcements” as an equivalent for some such ex- 
pression as “number of rewarded training trials,” the exposition is in 
careful, theoretically neutral terms (e.g., “persistence of food secking be- 
havior,” “number of hours of food privation,” etc.). Nevertheless, a few 
pages after the introduction of the Perin experiment, in a discussion of 
“primary motivational concepts” we find Hull saying (p. 239) : 


Turning now to the concept of reaction-evocation potentiality, we find, thanks 
to Perin’s investigation sketched above . . . that we are able at once to define 
sEr as the product of a function of habit strength (sH,) multiplied by a 
function of the relevant drive (D) [ital. mine]. 


In other words, what Hull has “at once” done is to set three data 
language expressions which designate the experimental variables whose 
relations are investigated in the Perin study, into correspondence with 
three theoretical constructs. The “number of reinforcements” is ordered 
to habit strength” (sH,); “the number of hours of food privation” is 
ordered to “drive” (D); and “persistence of food-secking behavior” is 
ordered to “reaction potential” (Ep). The obtained relations among the 
experimental variables are then, without more ado, transferred to the 
theoretical variables, and what results is one of the major principles of 


. 
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the theory (ultimately formalized in postulate 7, p. 254), a principle, 
moreover, of unrestricted generality. 

Now, the setting of “data language” expressions into correspondence 
with construct language expressions is essentially the problem of empirical 
or “operational” definition, A fully adequate analysis of the logical and 
Practical issues connected with empirical definition still awaits the efforts 
of methodologists. Any such analysis, however, must respect certain of 
the elementary revelations yielded by Carnap’s formulation in terms of the 
“reduction sentence” (6, 85). The typical form of an empirical definition 
is a set of conditional statements (“reduction pair” or “bilateral reduction 
Sentence”) which “reduces” a construct, by implicative relations, ulti- 
mately to data language statements of the observations which should 
. Tesult under certain specified conditions. In the typical case, a plurality of 
reduction sentences may be written for a term in the construct language. 
The “richer” the empirical reference of a concept, the greater the number 
of reduction sentences that can be written at a given time. Further, the 
Class of reduction sentences corresponding to a given concept at a given 
time is “open”; it is always possible that the growth of relevant empirical 
knowledge will lead to new “reductive symptoms.” In the case of theoret- 
ical constructs which appear in statements intended as general laws, the 
actual generality of the law is uniquely determined, at any given time, 
by the number and variety of reduction sentences which can be written for 
the construct in question. . . : 

Returning to Hull’s theoretical utilization of the Perin materials, it is 
clear that the direct jump from the data language expressions to the 
Corresponding theory language law, is tantamount to assuming an equa- 
tion, rather than a conditional relationship, between the theoretical vari- 
ables (sp, D, sE) and their reductive “realizations” in the experiment. 

ull, of course, does not intend such an equation, because the law is 
offered as quite general in reference, and Hull plainly regards such vari- 
ables ag D, sHp and sEpr as having varied empirical manifestations, But, 
i” effect, an equation of construct and data language equivalent exists, 
„ecause the relationships imputed to the theoretical variables by the 
‘law? are nowhere empirically demonstrated by further data language 
Teductions, nor is the need for this pointed up. 

In an early phase of the construction of the theory, remote leaps from 

e data of single defining experiments to general theoretical statements 
are more or less inevitable. When such a leap is made, it is essential that 
the theoretical statement be regarded with great tentativeness, and that 

W conditional and therefore “open” character of the relation between 
Constructs and the original reductive “symptoms” be kept in the fore- 
Bround, It is essential, in other words, that efforts be made to enlarge the 
“Mpirical reference of the theoretical variables by the “discovery” of 
Additional reductive symptoms, and this can only be done by testing the 
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“Jaw” in a wide variety of further empirical contexts. Hull, however, 
tends to suppress precisely such considerations in the theoretical utiliza- 
tion of the Perin data. And, in general, such considerations are suppressed 
in most of the instances in which Hull uses experimental materials to 
suggest construct interrelations. 

In this analysis of Hull’s use of data language, we have already come 
upon one of the central deficiencies of his technique of theory construction 
—the tendency to base fundamental behavior laws of unspecified general- 
ity on single experiments, independently of any analysis of the generaliza- 
tion ranges within which the findings can rationally be expected to hold. 
There are many facets to this practice. It is evident not only in Hull’s 
use of data language, but in his explicit conception of the status of inde- 
pendent and dependent variables. It is evident in his entire technique 
of postulate construction; in the mathematical analysis of experimental 
materials, in the moot status of the constants in empirical equations, and 
in many other ways. We will come upon such manifestations of the ten- 
dency towards uncritical over-generalization repeatedly, in later sections 
of the report. 

b. Epistemic reduction basis of Hull’s theoretical terms. This question 
need not detain us long. We saw in the discussion of Hull’s “objectivism” 
that he is committed to the “intersubjective” definition of all psychologi- 
cal concepts. This means that, by intention at least, he is a thorough- 
going “operationist,” although he wisely chooses to ignore the term (p. 30). 
And this, in turn, means that he must accept some such linguistic base 
as the “physical thing language” (6, 85) for the ultimate epistemic 
reduction of all psychological (and, in general, empirically meaningful) 
terms. 

If a theorist’s immediate data language is such as to have adequate 
intersubjectivity of reference, it should follow that reduction to the 
physical thing language is, in principle, possible. Nothing in the nature 
of Hull’s use of theoretically neutral English would seem to preclude the 
possibility of carrying out such reductions. The deficiencies in Hull’s use 
of data language are of another order. There is nothing which prevents 
the assignment of some kind of consistent empirical reference to each of 
the theoretical terms. There is much, however, which prevents reductions 
which are consistent with implicit (postulational) and explicit definitions 
of the theoretical terms.® We have seen in the preceding discussion that 


“Issues concerning the interrelations of implicit, explicit and empirical definition 
are badly in need of analysis by methodologists of science. A term may have ade- 
quate “operational” definition in terms of univocality of empirical reference (i.e» 
reducibility to the physical thing language). Yet, the definition may be entirely 
inadequate with respect to the role that the term plays within the postulates and 
explicit definitions of a theory. Analyses of operational or empirical definition have 
thus far been mainly confined to attempts to formulate criteria for the conditions 
under which empirical concepts are meaningful. Too little attention has been giveD 
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Hull’s immediate data language reductions of, for instance, “stimulus” 
and “response” are not in accord with the explicit and implicit definitions 
of these terms given in, or inferable from Pr.B. In effect, this means that 
no “operational” definitions are provided for the S and the R which 
Occur in the construct language. Or contrariwise, the S and the R which 
Occur in the construct language are not “really” in the theory, but 
rather some other constructs whose theoretical properties require redefi- 
nition in a way which is consistent with the data language usage of 
S and R. 

A final difficulty, which has little to do with the properties of Hull’s 
immediate data language, but much to do with the possibility of unam- 
biguous epistemic reduction, should be mentioned here. This is created by 
Hull’s frequent tendency to ascribe different and inconsistent properties 
to certain of his variables at different points in the postulates, the text, 
and the explicit definitions (so far as these latter are given or inferable). 
Thus, for instance, one of the four dependent variables of the theory, 
“amplitude” (A), is defined in the glossary (p. 403) as “amplitude, 
Magnitude or intensity of a reaction,” while, in its postulated introduc- 
tion into the theory (postulate 15, p. 344) it is referred to as “the 
amplitude (A) of responses mediated by the autonomic nervous system” 
ltal. mine]. To complicate, further, our discussion of S and R variables, 
it should be recorded that, despite predominant emphasis, in sources 
Which provide implicit and explicit definition, on S as physical energy 
and R as “movement,” there are occasional overtones in the same sources 
that imply a conception of R as “outcome” or “effect,” and S as any 
Part of the environment which bears a demonstrable lawful relation to 
R. In later parts of the report, we shall meet many additional examples 
of discrepancies in the theoretical definitions of variables which must 
lead to alternate and incompatible epistemic reduction of the same 
Variable, 


2. Independent and Dependent Variables 

The “independent variables” of a theory are the terms referring to the 
factors available for “measurement,” and, when possible, manipulation, 
which are discriminated by the theory as the antecedent conditions of 
the events that the theory is designed to predict. The “dependent vari- 
ables” of a theory are the terms designating the classes of events that 
the theory is designed to predict. “Intervening variables” are terms 
Interpolated between the independent and dependent variables, and having 
Properties such that a class of empirical relationships describable by a 
given number of statements which directly relate independent and de- 
Pendent variables, can be derived from a substantially smaller number 


to the interplay between operational and other classes of definition in the construc- 


tion of theories. 
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of statements which relate independent to intervening variables, and 
these, in turn, to dependent variables. The most direct access to the 
nature of the empirical materials with which a theory is concerned is 
afforded by examination of the independent and dependent variables, 
either explicitly employed, or presupposed, by the theory. 

In Pr.B., Hull provided explicit indications of what he regarded 
as the “antecedent determining condition[s]” and “consequent .. . 
event[s]” to which his chain of intervening variables is, by intention at 
least, “securely anchored.” Although he makes frequent use of the term 
“intervening variable” (occasionally alternating this with “logical con- 
struct”) to designate the term interpolated between such “observable 
and measurable” antecedent conditions and consequent events, the terms 
“independent variable” and “dependent variable” are not explicitly used. 
There is, of course, no doubt that Hull was referring, when he used 
expressions like “antecedent and... consequent ... conditions or 
events” (e.g., p. 382), to independent and dependent variables, in some 
such sense as defined in the preceding paragraph. Nevertheless, as we 
shall later see, the tendency to talk as if intervening variables were 
anchored to “directly observable” events, rather than to terms (inde- 
pendent and dependent variables) in the construct language of the theory 
which may be reducible to “observable events,” led to (and perhaps re- 
flected) considerable confusion in the definition and general treatment of 
empirical variables. 

It should be recorded that Pr.B. is the first of Hull’s major publications 
in which some form of the independent-intervening-dependent variable 
schema was explicitly followed. In earlier writings, he ran into difficulties 
time after time because of his inability to make clear distinctions among 
these three types of variables. This seems particularly to have been the 
case whenever Hull attempted explication of the status of the so-called 
“anobservables” within his system (39, p. 510; 42, p. 7; 51, p. 7). 

The structural outlines of the postulate set presented in Pr.B. may be 
viewed (and is so viewed by Hull) as a complex chain of intervening 
variables interpolated between the independent variables which repre- 
sent the observable antecedents of behavior, and the dependent variables 
which represent observable aspects of the consequent behavior. As we 


° These are not intended as formally precise statements. Careful logical and epis- 
temological analysis is badly needed in this area, as can be seen from the com- 
pounding of confusion resulting from recent methodological discussion of interven- 
ing variables. One faces a trying impasse in writing an analytic report of the present 
sort. If unconscionable discursiveness is to be avoided, one must apply methodologi- 
cal tools without sufficient characterization of the tools. In partial solution to this 
problem, we have adopted the practice of briefly elucidating those methodological 
concepts which seem particularly fuzzy in current usage, before applying them. 
Such brief elucidations can only aim for an “intermediate” level of precision; the 
objective is sufficient characterization to permit meaningful analysis of the theory 
under scrutiny, not general or ultimate adequacy. 


` 
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have seen, Hull emphasizes very strongly the point that legitimate inter- 
vening variables must be “securely anchored,” by explicit functional 
relationships, to the antecedent independent variables and the conse- 
quent dependent variables. The postulates of Pr.B., therefore, are made 
up of elements which take one of three forms: 


(a) They relate an independent variable to an intervening variable. 
(b) They relate one or more prior intervening variables to another 


intervening variable. 
They relate the final intervening variable in the chain to one or 


another dependent variable. 


(c 


LS 


Any complete list of independent and dependent variables must accord- 
ingly be reconstructed from the postulates. The definitions of these 
variables must be reconstructed from the properties implicitly imputed 
to them by the postulates in which they occur (implicit definition), and 
from explicit and “operational” definitions either stated in, or inferable 
from, the textual embedding discussions, and the “glossary of symbols.” 

In the following discussions, it is not our purpose to reconstruct a 
complete list of the variables (ie. the independent variables; the few 
e briefly characterized), but rather to examine 


dependent variables may b 
gical status, and to test certain 


their definitional and general methodolo tatu. 
of them against Hull’s “secure anchorage” criterion. Consequently, in 
this section, we (a) examine certain of the independent variables appear- 
ng in the theory of Pr.B., (b) record the dependent variables, and (c) 
discuss their systematic status and mode of definition. The section con- 
cludes with (d) a summary of Hull’s treatment of independent and de- 
pendent i ; 

4s ese ect, The expression, “independent variable,” has 
eccome systematically ambiguous in discussions of psychological meth- 
Odology. The independent-intervening-dependent variable schema estab- 
lished by Tolman (137, 138) for the analysis of theory ve a aene 
of the expression, “independent variable,” which overlaps 7 y partly 
with the expression as it is used in mathematics nite pantam 
methodology. At least three senses of the expression may be distin- 
guished: i . 

rig I: Terms in the construct language of a theory denoting the 


chi Pe te which serve as the operationally identifi- 
ief classes of empirical eY en possible, manipulable, antecedent 


able, or “measurable,” and, wherever PO" : s o 
conditions of the events that the theory i — i spam 
cedent conditions” is, of course, used Cea, ote t variable” impli it 
Sense, This would seem to be the sense of maei pein lll T 
in the Tolman indopendent-intervening-depenaen k of ‘psyeholozical 
has become so widely used in analytic discuss! psy g 
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theory. We propose to refer to “independent variables” in this sense as 
“systematic independent variables.” . , 

Sense II: A term or expression denoting any factor in an experimental 
situation which is systematically varied, or operated upon in some way, 
with the intent to observe and record a correlated change in another part 
of the system defined by the experiment. Sense II independent variables 
may be called “experimental independent variables.” It should be noted 
in passing that Sense I and Sense II of “independent variable” are very 
frequently confused. Experimental independent variables may be spe- 
cific, singular “realizations” (operational or reductive “symptoms”) of 
a systematic independent variable; they are not, however, to be identified 
with the systematic independent variable to which they are ordered. 
Sense I independents are terms in the construct language; Sense II inde- 
pendents are expressions in immediate data language. A Sense II inde- 
pendent variable need not be a “realization” of a Sense I independent; 
empirical relations between experimental variables which are ordered to 
no extant theory are often investigated. 

Sense III: All terms in a statement of functional dependency of which 
a given term (the dependent variable) is a specified function. This corre- 
sponds roughly to the usage of “independent variable” in mathematics. 
Sense III independent variables may be designated “mathematical inde- 
pendent variables.” An analogous set of distinctions can, of course, be 
made for different senses of the term “dependent variable.” 

Hull apparently regards the principal independent and dependent 
variables constitutive of the “major” intervening variables of his system 
to be those put forward in Fig. 84 of Pr.B. (p. 383), and represented as 
Fig. 1 in this report. The independent variables included by Hull in this 
summarizing diagram, together with elucidations of each derived from 
the glossary of Pr.B., and indications of the intervening variables to 
which they are related, are presented in Table 1. 

Even superficial collation of the independent variables in the first col- 
umn of Table 1 with the verbal and the mathematical formulations of 
the postulates will disclose that the list of independent variables given by 
Hull, as constitutive of the indicated intervening variables, is highly in- 
complete. For this reason, we have attempted to exhibit in Table 2 all 
of the “independent” variables which appear in both the verbal and equa- 
tional forms of the postulates which introduce the major intervening 
variables of the theory—sHr, sHr, sEr, İr, In, sIr, sĒr. It should be 
emphasized that Table 2 excludes breakdowns of the postulates which 
introduce certain other intervening variables (e.g., s, 8, sUr, sOr, sLn, 
and sr), and thus must not be viewed as a resumé of the entire system. 
The table does, however, contain the principal independent variables 
discriminated by the theory, because the omitted postulates contain inter- 
vening variables, either of a type not linked to independent variables 
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FIG. 1. Hull’ssummary diagram of the structure of the theory of Pr.B., taken 


from Clark L. Hull, Principles of Behavior. New York: Appleton-Century- 


Crofts, 1943. P. 383 


Diagram summarizing the major symbolic constructs (encircled symbols) employed in 
the present system of behavior theory, together with the symbols of the supporting 
objectively observable conditions and events. In this diagram Š represents the physical 
stimulus energy involved in learning; R, the organism’s reaction; å, the neural result 

n arising from the impact of two or more 


of the stimulus; 5, the neural interactio’ 
the efferent impulse leading to reaction; G, the occurrence of 


stimulus components; 7; 
a reinforcing state of affairs; sr, habit strength; S, evocation stimulus on the same 
stimulus continuum 88 9; sHr, the generalized habit strength; Cp, the objectively 
observable phenomena determining the drive; D, the physiological strength of the 
drive to motivate action; sZr, the reaction potential; W, work involved in an evoked 
reaction; Ir, reactive inhibition; sIr, conditioned inhibition; sZe, effective reaction 
potential; sOr, oscillation; sër, momentary effective reaction potential; sLpr, reaction 
threshold; p, probability of reaction evocation; str, latency of reaction evocation; 
n, number of unreinforced reactions to produce experimental extinction; and A, ampli- 

ds reinforcement, general- 


tude of reaction. Above the symbols the lines beneath the words ren 
ization, motivation, inhibition, oscillation and response evocation indicate roughly the 
segments of the chain of symbolic constructs with which each process 18 especially 


concerned. 


e linked to independents which appear also in con- 


(sOr, sLr), OF they ar 
the breakdowns of Table 2 


nection with postulates 
(6,8. a . 
the quantitative intentions of Hull’s theory, 


In accordance with 
postulates are stated both verbally and “equationally” in such a way 


as to define the mathematical function forms interconnecting the theo- 
retical terms. The postulates contain four classes of terms which may be 
regarded as Sense IIT (“mathematical”) independent variables. 


that are included in 
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(a) Systematic independent variables of the type already identified as 
Sense I (e.g., S, N, Œ, W, etc.). 

(b) Prior intervening variables, or terms functioning within the theory 
as intervening variables, each of which has appeared in some previous 
postulate as a Sense III dependent variable. For instance, after sHr has 
appeared as a Sense III dependent variable on the left hand side of the 
equation defined by postulate 4, it appears as a Sense II independent 


TABLE 1. The independent variables distinguished by Hull in his summary 
diagram (Fig. 1) together with the glossary elucidations of cach and indi- 
cations of the related intervening variables 


Symbol Elucidation Related Intervening Variable 


P “A stimulus when considered as in the proc- 
S ess of being conditioned to the reaction.” 
(p. 407) 


R “A reaction which is in the process of being 
conditioned to a stimulus.” (p. 406) 


5 


“A need reduction or a stimulus which has 

G been closely associated with a need reduc- 
tion; primary reinforcement; also a primary 
goal reaction.” (p. 404) 


jammer My 


“Stimulus energy which evokes a response 
sS on the basis of a previously formed habit.” 
(p. 407) 


a 
«--- Ñ 
E 


“Conditions which produce the drive (D), 
Cp the objective conditions from which D may 
be calculated.” (p. 403) 


` 

1 

1 

i 

' 

a 
a 


wW “The amount of work, i.e, W = F'L.” ^y E 
(p. 408) pere 


variable on the right hand side of the equation defined by postulate 5 on 
stimulus generalization. In this context, the previously introduced inter- 
vening variable sz becomes one of the variables of which a new interven- 
ing variable sp (Sense III dependent) is a specified function. 

(c) Empirical constants appearing on the right hand side of the 
equations which represent the “mathematical statement” of the postulate 
(e.g., the exponential constants k, j, u, i, ete.). 

(d) Formal constants appearing on the right hand side of equations, 


such as M (the physiological maximum of habit strength) and e (the 
logarithmic “base”). 


“a 
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In Table 2, an attempt has been made to assemble the Sense III inde- 
pendent variables of all four classes distinguished above, for each of the 
theoretical intervening variables listed in column (1). In other words, 
we have regarded, for purposes of the analysis, the intervening variables 
introduced by each postulate as Sense III dependent variables which are 
some function of the Sense III independent variables specified by the 
relevant postulate. The systematic independent variables (Sense I) given 
for the verbal postulates in column (2), and for the equations in column 
(4), are the chief “antecedent” empirical variables discriminated by the 
theory of Pr.B., and it is the exhibition of these that constitutes the 
primary purpose of Table 2. The additional categories of Sense III 
independent variables given in the table are included in order to provide 
a relatively complete picture of the factors constitutive of the major 
intervening variables of the theory. The significance, within the theory, 
of the systematic independent variables cannot be adequately defined 
Without some indication of the prior intervening variables, and the em- 
pirical and formal constants, which conjointly determine each of the 
major intervening variables, according to the functions asserted by the 
Postulates. 

Verbal formulations of the major postulates typically include a rough 
description of the function form linking the intervening variable under 
introduction to systematic independent variables and prior intervening 
variables, but do not include a specification of empirical and formal con- 


stants,” as do most of the equations. For this reason, only systematic 


independent variables and prior intervening variables can be listed for 


the verbal formulations. 
Certain interesting considerations about the structure of the theory 


emerge, when we supplement the incomplete list of systematic independ- 
ent variables derived from Hull's diagram (Table 1), by reference to 
the verbal and mathematical content of the postulates. We mall discuss 
certain of the more noteworthy considerations regarding independent 
Variables” suggested by Table 2, in the following paragraphs. Certain 
other considerations, not uniquely ee to “independent variables, 
will þe di i er parts of the report. P . 

be iss in ae Pm een variables emo în var 
bal ase ajansi equational formulations of the postulates. Inspection of 
Table 2 will show that such discrepancies are manifold and frequent, 

One class of discrepancies involves the absence of S of the inde- 
pendent variables given in the verbal formulations from the equations, 
and vice versa. For instance, in verbal postulate 4, systematic inde- 
pendent G is crucial to the specification of the conditions constitutive 
pe sk ‘ 

* The single exception to this statement, en thè- postulates aR g — 


2, is the verbal form of Postulate 4 which — 
the “physiological maximum of hais sete 


TABLE 2. 


“Principles of Behavior” * 


“Independent variables” appearing in verbal and mathematical 


INTERVENING 
VARIABLE AND 
POSTULATE IN WHICH 
IT IS INTRODUCED 


“INDEPENDENT VARIABLES” (OF VARIOUS TYPES) OF WHICH 


Verbal Statement 


Systematic Independent Variables 


Prior 
Intervening Variables 


sHp 


POSTULATE 4 
(pp. 178-179) 


sC,—close temporal contiguity of an 
effector activity (r—>R) and a re- 
ceptor activity (S—s) 

G—diminution of a need 

G—a stimulus which has been closely 
and consistently associated with the 
diminution of a need 


N—the number of reinforcements 
“Magnitude of need reduction” (no 
symbol given for this in verbal 
postulate) 


t—delay in reinforcement ` 
t'—degree of asynchronism of Sand R 
when both are of brief duration 


t’—duration of the continuous action 
of S on the receptor when R begins 


s—afferent neural im- 
pulse (linked to in- 
dependent variable 
S by Postulate 1) 


r—efferent discharge 
(not formally intro- 
duced into theory 
by any postulated 
specification or link- 
age to R) 


slr 


POSTULATE 5 
(p. 199) 


d—the magnitude of the difference on 
a stimulus continuum between the 
afferent impulses of å (impulse at 
point of reinforcement) and s (im- 
pulse of reaction evocation) in j.n.d. 
units 
[The glossary defines d as “the 
number of j.n.d.’s lying between 
the two stimulus aggregates S and 
S” (p. 408).] 


sHrat S—the strength 
of the habit at the 
point of reinforce- 
ment 


D, Sp 


PosTULATE 6 
(pp. 253-254) 


None—Cp is introduced in the text 
and defined in the glossary (p. 403) 
as “conditions which produce the 
drive (D), the objective conditions 
from which D may be calculated.” 
Postulate 6, however, gives no 
statement of the dependence of D 
on any independent variable. 


None—unless it is as- 
sumed that D has 
been introduced in 
Postulate 3 (p. 66), 
or Postulate 4 (p. 
178). These Postu- 
lates mention D but 
do not link it to any 
antecedent variable. 


* Wherever page references for the elucidation 


of symbols are not given, they are either direct quota- 


tions from postulated statements in which the symbols appear, or slightly modified paraphrases of such 


postulated characterizations. 
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statements of postulates which introduc 


the major intervening variables of 


THE CORRESPONDING INTERVENING VARIABLE I; 


S A FUNCTION 


Equational Statement 


Systematic Independent 
Variables 


Prior 
Intervening 
Variables 


Empirical 
Constants 


Formal 
Constants 


N—the number of rein- 
forcements 

w—a constant change in & 
measurable objective cri- 
terion which results in & 
need reduction 

slay in reinforcement 

—Tr— T —.66 where S is 
of more than instantane- 
ous duration and over- 

ge the beginning of R 
—Tr—T 3—.44 where S 
and R are practically in- 
Stantancous 

Tr—the time of the begin- 
ning of R 

s—the time of the begin- 
ning of § 

[The equation (equation 
16, p. 178) is given for 
the case of t’.] 

ee TAE 

d—the difference between 
S and § in j.n.d.’s 


None 


| 


sHpr at Š 


p—strength of 
dom Re 


i—exponential con- 
stant in expression 
containing N 

K—constant in ex- 
pression contain- 
ing w 

J—constant in ex- 
pression contain- 
ing t 


U—constant in ex- 
pression contain- 


ing t 


puunene 
J'—an empirical 
constant of the or- 
der of .01 in the 
case where d is a 
qualitative differ- 
ence, but of the 
order of .006 where 
dis a quantitative 


difference 


_ 
b—constant in the 
equation for Pos- 
tulate 6, i.e., Sp = 
f(D). Tt is as- 
sumed that 
“p> 0.” 


M—100 habs, the 
physiological 
maximum of 
habit strength 
(also included in 
verbal statement) 

e—mathematical 
constant taken at 
10 (logarithmic 
base) 


e—logarithmic 
base, taken at 10 
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TABLE 2 (continued) 


INTERVENING 
VARIABLE AND 
POSTULATE IN WHICH 
IT IS INTRODUCED 


“INDEPENDENT VARIABLES” (OF VARIOUS TYPES) OF WHICH 


Verbal Statement 


Systematic Independent Variables 


Prior 
Intervening Variables 


sEr 
POSTULATE 7 (pp. 253- 
254) 


Ir, İr 
sEr 


PosTULATE 8 (p. 300) 


[Verbal form consists 
of4parts,and mathe- 
matical statement of 
4 equations. Break- 
down indicates inter- 
vening or other prin- 
cipal variable under 
definition in each 
part, and the rele- 


vant independent 
variables.] 

sIn, İr 

sEr 


PosTULATE 9 (p. 300) 


[Verbal statement con- 
sists of 2 parts; math- 
ematical statement 
consists of 2 equa- 
tions. Breakdown as 
above.] 


Part (b) — İr 


n—number of reaction evocations 


Part (c) — İr 


W—work involved in the execution of 


R 


Part (d) — Ir 


t’"—time since evocation of an R 


Part (a) — slr 


S—stimuli 
R—cessation of a response 


None sHr 
D 
Part (a) — Ir sEr 
D—(but in new sense 
R—Reaction as “primary nega- 


tive drive”) 


Ir 


Part (b) — İr 


None 


sIr 
Ir 
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THE CORRESPONDING INTERVENING VARIABLE IS A FUNCTION 


Equational Statement 


Systematic Independent 
Variables 


None 


Equation (a) — sEr 
None 


i ee 
Equation (b) — n 
(appears here as 
“mathematical” 
dependent var.) 


W—“=F'L, in which F’ 
represents force and L 
Tepresents distance or 


ength of the movement” 
(p. 279) 


a e nell 
l Equation (c) — İr 


W—as above 


n—number of reaction evo- 
cations 


eo 
[Equation (a) —t"Ir 


mn, h 
t’—“The duration in min- 


utes following a sequence 
of unreinforced evoca- 
tions of R during which 
neither reinforced nor 
ae evocations 

a ” (p, 
408. ve occurred” (p. 


Se a 
Equation (a) — İr | 


None 
Be 
Equation (b) — sĒr 

None 


Prior aA 
Intervening Empirical Formal 
Variables Constants Constants 
sHr 
D 
es 
sER 
Tp — (not pre- 
viously in- 
troduced) 
DO ee 
in—(not pre- | B, C 
viously in- 
troduced) 
a - 
panenna, 
B,C 
mee EE 
EES 
4 g—exponential con- | € 
A stant 
pennn 
b 
M,—the max. of 
sHp as limited by 
the amount and 
sIr quality of the re- 
Ir inforcing agent 
Jm 
Lon 
sEr 
İr 
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of sH pn, yet no reference to it is made in connection with the equations. 
In the equations of postulate 8, there is nothing which suggests that Ip 
(reactive inhibition) “is created whenever a reaction (R) is evoked in 
an organism,” although precisely this latter is asserted in verbal postu- 
late 8. In verbal postulate 9, the generation of conditioned inhibition 
(sIr) is clearly linked to the association of stimuli (S) “with the cessa- 
tion of a response (R),” but this could hardly be inferred from the equa- 
tional form of the postulate.® 

Obvious examples of terms which appear in the equational forms of 
the postulates, and not in the verbal form are, of course, all empirical 
constants, and all formal constants with the exception of M in postulate 
4. The systematic independent variable w in the equation for postulate 
4 does not appear in the verbal formulation, although its referent is 
apparently meant to coincide with the “magnitude of need reduction” 
factor (and also G, and possibly @) referred to in verbal postulate 4. 
The definition of w, however, given along with the “mathematical state- 
ment” (p. 178) equates w with a hypothetical operational symptom of 
“magnitude of need reduction,” which is insufficiently characterized to 
permit determinate substitution for w in any attempt to use the equation. 


Another class of verbal versus equational discrepancies (or perhaps a 
sub-class of the discrepancies mentioned above) consists in more or less 
subtle transformations in the meanings ascribed the same independent 
variable symbols, as they occur in the alternate forms of the same postu- 
lates. A conspicuous example of this is d in postulate 5 which, in the verbal 
postulate, is identified as the “magnitude of the difference” on a stimulus 
continuum between “the afferent impulses of $ and s,” while in the equa- 
tion d is a difference, not between afferent impulses, but between stimuli 
(S and $). The ¢’ and i” (asynchronism) variables of postulate 4 provide 
another example. The reversal of reference as between ¢’ and t” in the two 
formulations of the postulate is probably an oversight, and may be easily 
corrected. Aside from this, however, it should be noted that the equational 
definitions of é’ and t” involve the introduction of two constants (.66 and 
.44) which do not appear in the verbal postulates, and the significance of 
which for the equation in which ¢’ and t” appear, is far from clear. 

(2) The absence from the postulates of a critical systematic independ- 
ent variable specified in Hull’s diagram (Fig. 1). The six systematic 
independent variables which Hull feels of sufficient importance to ac- 
knowledge in his summary diagram include Cp, defined in the glossary 
of Pr.B. (p. 403) as, “conditions which produce the drive (D); the ob- 


8 Those who advocate an exegesis of Hull’s theory which regards the verbal postu- 
lates as unnecessary addenda to the equations, should take careful note of such 
discrepancies as the ones mentioned in the text. It is difficult to see, in any case, what 
meaning can be assigned to the terms of an equation, without some verbal explica- 
tion of those terms, somewhere. 
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jective conditions from which D may be calculated.” It is clear from 
Table 2, however, that postulate 6 which introduces D and Sp (the 
drive stimulus) includes no reference to Cp. There is no postulated link- 
age of D (and in turn Sp) to any systematic independent variable. If 
the postulates define the content of the “theory” of Pr.B., Cp is not a 
part of the theory, nor, for that matter is D or Sp, for these intervening 
variables remain unmoored to any antecedent empirical variables. 

(3) Indeterminacy of what constitutes the independent variables for 
which intervening variables in the case of the inhibition postulates. This 
Point cannot be discussed independently of a general consideration of 
Postulates 8 and 9, which, both in the verbal and the equational variants, 
are in a highly unsatisfactory condition. The breakdown in Table 2 can 
only suggest the magnitude of the confusion. 

The verbal form of postulate 8 (p. 300) begins with the introduction 
hi In (reactive inhibition) which is held either to result from (or to be?) 

a primary negative drive (D)” which is “ereated” whenever “a reaction 
(R) is evoked.” The “primary negative drive . . - has an innate capac- 
ity (Zp) to inhibit the reaction potentiality (s#r) to that response.” 

ucceeding parts of the postulate state that the “amount of net inhibition 
(Zp) [not reactive inhibition (Ir) ] generated by a sequence of reaction 
evocations” is a specified function of “the number of evocations (n),” 
and “the work (W) involved in the execution of the response” (brackets 
mine). A final part of the postulate tells us that reactive inhibition (not 
Ír) “spontancously dissipates as & simple negative growth function of 


time te”) ” 

Tn essence, then, the postulate introduces a new intervening variable, 
“reactive inhibition,” which is held to be related to a new usage of what 
looks like a previously introduced intervening variable (D, as a primary 
negative drive), and this in turn is linked to the perfectly general, 

dition of response evocation. A 


qualitative independent variable concn” ada í 

second new intervening variable, net inhibition (or & third, depending on 
whether the new usage of D is regarded as & new construct or a special 
Sense of the old), is now quantitatively linked to two new systematic 
independent arable n and W. Finally the dissipation of reactive 
` aria , pendent time variable, 


inhibition is quantitatively linked to 2 neY inde D 
Y”, Since ag = oe ana, within the postulate, of the relation 


between reactive inhibition and net inhibition, the only eg What 
We can derive is that Ig is an inhibitory state, taer cag am 
accumulates according to some unspecified — o a T oca aa 
but which dissipates as a quantitatively specified une ai a a a : 
İr is an X which accumulates as 4 quantitatively specited function o 


n and J, 
tl If we turn to the “m 
he situation becomes even Mor 


nent” of postulate 8 (p. 300), 


ical stater 3 
athematica In the four “equations” of the 


e muddy. 
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mathematical statement, Ip is nowhere linked to defining systematic 
independent variables. Even the single vague linkage to R, asserted in 
the verbal form of postulate 8, is not in evidence. Nevertheless, Ir occurs 
in two of these equations as a Sense III independent variable [equations 
(a) and (d)], and once [equation (d)] as a Sense III dependent varia- 
ble. This means that equations (a) and (d) must be, strictly speaking, 
contentless. Equations (b) and (c) reassert, in mathematical form, the 
functional relations between fp and n and W already defined in verbal 
postulate 8. Notice that now the only one of the intervening variables 
“introduced” in postulate 8, which is linked to any response variable, 
is Ip. 

Verbal postulate 9 (p. 300) introduces a third (fourth?) inhibition 
variable. This is conditioned inhibition (sIr) which is held to “summate 
physiologically with reactive inhibition (Iz) against the reaction potenti- 
ality to a given response.” Conditioned inhibitions are implicitly defined 
as, “stimuli (S) closely associated with the cessation of a response (R)” 
which “become conditioned to the inhibition (Zr) associated with the 
evocation of that response.” We pass over the fact that Hull here seems 
to be introducing a very new type of theoretical concept into the system, 
one involving the association of stimuli not with responses but with drive 
states (let us remember that whatever else Jz may be, it is “an innate 
capacity” of a “primary negative drive”). More to the point, is the fact 
that Hull here “introduces” an additional intervening variable (sIr) 
which is implicitly defined by reference to a variable, Ir, which, in turn, 
we have seen to have no adequate empirical definition at all. Further, 
the systematically indeterminate concept of sIr is then linked to the 
indeterminate Ip by a specific mathematical function (“physiological 
summation” as defined earlier in the theory in the case of “positive habit 
tendencies”). 

Reference to the “mathematical statement” of postulate 9 (p. 300) 
helps not at all. Formula (a) relates Zr (net inhibition) to a function 
of the two inadequately defined variables, Ip (reactive inhibition) and 
sIr (conditioned inhibition). Formula (b) introduces the new intervening 
variable of “effective reaction potential” (sĒr) as equal to sEr — Ir. 
This, of course, effectively transfers the indeterminacy of Ip to sHp. 

The above analysis has proceeded by an independent examination of 
postulates 8 and 9, taken separately. If we now consider them as a single 
interrelated unit, the confusion is not lessened. Thus, equation (a) of 
postulate 8, 


sĒr = sEr = Ir, 
and equation (b) of postulate 9, 


sĒr = sEr— İr, 
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are flat contraries. And Ip, which “physiologically” summates with sIr 
to form ig, according to equation (a) of postulate 9, has as its only 
independent definition equation (d) of postulate 8: 


Y" Ir = Ine 7t 


But, as we have seen, no statements are given (mathematical or verbal) 
which would make it possible to determine Ix at any given time. Such 
a statement is given (at least in part) for Îr in (b) and (c) of postulate 
8, which link Zp to n and W. The crux of the difficulty seems to be the 
failure to specify the extent to which systematic independent variables, 
n and W differentially affect Zz and Ip. We are given certain empirical 
variables for the quantitative constitution of Ip; we are told that Ip is 
some fractional component of Ip, but there is no way of determining the 
extent to which what is asserted for Zp is meant to hold for Zp. Further- 
more, since sIp is defined in terms of Ip, we have no way of knowing the 
extent to which n and W affect sIr. 

Thus, we are left with a horrible indeterminacy as to the status of in- 
dependent variables n and W within the theory—an indeterminacy which 
ramifies, of course, directly upon all the “inhibitory” intervening vari- 
ables, and thence, into the rest of the theory. 

b. Dependent variables. The systematic dependent variables of the 
theory of Pr.B. may be briefly and unequivocally identified. They are 
four in number, and the symbols, together with their “glossary” defini- 


tions, are as follows: 


(1) p or “probability of reaction evocation” (p. 406) ; 
(2) str or “latency of a reaction evocation” (p. 408) ; 
(3) n or “number of unreinforced reactions required to produce ex- 


perimental extinction” (p. 406) ; : : a 
(4) A or “amplitude, magnitude, or intensity of a reaction” (p. 403). 


In other words, the entire system of Pr.B. is geared to the prediction 
of reaction (R), as indicated by each of these four dependent variable 
“measures.” The classes of antecedent “data” available for such theo- 
retical prediction are of the variety designated by the systematic inde- 
pendent variables of the theory. Just as the independent variables must 
be linked by explicit functional relations (preferably quantitative) to 


the intervening variables, so too, the intervening variables must be 


linked to the dependent variables. f 
In the system of Pr.B., the final intervening variables which must be 


calculated for the prediction of behavior are “effective reaction potential” 
(sĒr) and “momentary effective reaction. potential” (sHr). This means 
that each of the dependent variable indicators must be quantitatively 
moored to sip or sir, and four postulates appearing 1n Pr.B. (postulates 
12 to 15, p. 344) attempt to do precisely this, 
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Inspection of the postulated introductions of the dependent variables 
immediately discloses a definitional vagary. From postulates 12, 13, and 
14 we learn that p, str and n refer only to “striated-muscle reactions.” 
From postulate 15, we learn that A designates “the amplitude ... of 
responses mediated by the autonomic nervous system.” No such restric- 
tions are imposed on the dependent variables in the glossary definitions, 
and at various points in the text. 

c. Logical status and mode of definition of independent and depend- 
ent variables. Since most psychological theorists have made no effort to 
provide explicit identification of the independent and dependent vari- 
ables recognized by their theories, certain confusions about the status of 
such variables would seem to be prevalent. Adequate statement of a 
theory demands the specification of its independent and dependent 
variables. The “terms” designating such variables are within the con- 
struct language of the theory, and are not to be confused with expressions 
in the data language to which these terms may (and should) be reducible 
by empirical definition. The critical empirical or operational definitions 
of a theory must appear in connection with its independent and depend- 
ent variables, for it is at these points that the theory must establish con- 
tact with “observable states of affairs.” 

Hull’s attempt to make explicit his independent and dependent varia- 
bles is admirable, and almost unique in psychological theory. The only 
other major psychological theorist who has made an effort in this 
direction has been Tolman, but the effort has been little more than 
a gesture. However, Hull’s general treatment of his independent and 
dependent variables shows two closely related defects: 


(a) He tends to think of these variables as representing “directly ob- 
servable events” (e.g., p. 29). 

(b) He fails to provide sufficiently detailed and unambiguous opera- 
tional or empirical definition of these variables. 


It could be argued, of course, that Hull’s intent in Pr.B. is the informal 
presentation and explication of his postulate set, and consequently, that 
detailed operational definitions are not to be expected. Unfortunately, 
however, even at an informal level, elucidation of these variables is both 
insufficient in detail and ambiguous. We present, in condensed form, 4 
few illustrations of such deficiencies. 

(1) G is defined in the glossary of Pr.B. as “a need reduction or & 
stimulus which has been closely associated with a need reduction; pri- 
mary reinforcement; also a primary goal reaction” (p. 404), and in 
the text has certainly been used in all these contexts. Operationally, such 
an “elucidation” is double-talk. Obviously, the process (or processes?) 
of “need reduction” or “primary reinforcement” (e.g., changes in a drive 
state; strengthening of s-r or S-R connections) must be regarded just 


CLARK L. HULL 41 


as much as corresponding to “intervening variable” aspects of the sys- 
tem, as do the processes designated by D. A “primary goal reaction” 
could be an independent variable entity, or, in certain contexts, it could 
correspond to a dependent variable. Further, the senses in which G as a 
primary goal reaction” might serve as an independent variable must be 
Spelled out in more careful operational terms. G as a “stimulus which 
has been closely associated with a need reduction” seems to represent a 
genuine independent variable aspect of the theory, but this sense of G 
also requires detailed and determinate operational definition, which, in 
turn, presupposes a far more adequate specification of the conditions 
of “secondary reinforcement” than the theory includes. Such speci- 
fication could conceivably disclose an intervening variable “process” 
Corresponding to “secondary reinforcement,” but differing from “primary 
reinforcement” in certain ways. Thus, a central “independent variable” 
of the theory turns out to be, by implication, several independent vari- 
ables, several intervening variables, and at least one dependent variable, 
no one of which “variables” receives even an approximation of adequate 


empirical definition. 

a At first blush, it would app 
€quate empirical definition, tha 
he definition is formally presented as: 


ear that W (work) is given rather more 
n most of Hull’s independent variables. 


4 Ea F’L, in which Z” represents force and L represents distance or length of 

movement, as in ordinary mechanics (p. 279). 
Such a definition relates the independent variable to concepts which have 
à well-defined operational significance in physical science. But let us 
řecall that W is a variable which serves, in & thoroughly general way, 
àS an antecedent condition to the accumulation of In (net inhibitory 
Potential) with respect to instances of any class of reactions, whatsoever. 
1€ operations equated to W could hardly be applied to glandular re- 
SPonses, changes in muscular tonicity, ete. Obviously, quite different sets 
of operations must be specified for the determination of the W (or its 
equivalent) in these cases. No one can blame a theorist for incapacity to 
Specify details which are beyond the limits of present knowledge. But 
Putting forward a concept like W in the form of an equation (reduction 
Sentence having the form of an explicit definition) implies that the opera- 
s to gloss over the fact 


tional defini 5 d so tend 
efinition of W is completed, and S0 °°" : : 
hat Ww (or a8 set of variables ‘having similar systematic function) 


ust acquire additional operational symptoms, before the concept ap- 
Proximates empirical adequacy. Instead of going out of his way to point 
<P problems of this order, Hull shows a quite general tendency to present 
°rmulations which represent half-way solutions of their intended func- 


t è 
tons, with an air of finality- 
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(3) Independent variables S, as we know from the discussion of 
Hull’s data language, reflects in its operational usage certain of the most 
fundamental inadequacies of the theory. These inadequacies ramify 
throughout the system, and are reflected everywhere in the text of Pr.B. 
Hull’s summarizing definition of S in the glossary has previously been 
quoted in part (cf. p. 21, this report). We now reproduce it in full: 


S= 1. stimulus energy in general, e.g., the energy of sound, light, or heat waves, 
pressure, etc. 
2. more specifically, stimulus energy which evokes a response on the basis 
of a previously formed habit (p. 407). 

We previously noted that data language applications of S show a 
wide departure from sense 1 above. Just as in the case of W, the sense 
1 elucidation of S links the variable to concepts (physical energy sources) 
which have a well defined operational status in physics. But in Hull’s 
actual operational practice, stimuli are characterized not in terms of their 
physical energy properties, but in terms of some part of the environment, 
discriminated by the experimenter, which bears (or may bear) a lawful 
relation to response. 

At first blush sense 2 seems interpretable as a formulation at gross vari- 
ance with sense 1, and in possible accord with data language usage. One 
might assume that the expression “stimulus energy” is here gratuitous, and 
that S is now being represented as any discriminable x (complex of events, 
part of the environment) which is an empirically demonstrable antecedent 
of response (i.e., “evokes a response on the basis of a previously formed 
habit”). Actually, no such subtlety is intended. Sense 2 merely records 
Hull’s symbolic convention of using S as the sign for “stimulus” as con- 
sidered in its capacity of response evocation, from Š (p. 407), the “stimulus 
when considered as in the process of being conditioned to a reaction.” In 
both cases (the S of action evocation, and the $ of original conditioning) 
the defining property is sense 1—“stimulus energy . . . the energy of 
sound, light, or heat waves, pressure, ete.” 

Hull’s emphasis on “physical energy” criteria of S seems enforced by 
the intention to show that, in principle, the theory can derive entities 
having the characteristics of “stimuli” in the data language (“behav- 
ioral”) sense, via S as physical energy, the afferent impulse (s), afferent 
neural interaction, the principle of reinforcement, and, in particular, the 
mechanisms of primary stimulus generalization, secondary generalization, 
ete. We would be better able to evaluate the fate of this intention after 
analysis of the intervening and other variables introduced in these as- 
sumptions. But we may anticipate the results of further analysis to the 
extent of noting that these additional variables and principles are as 


° The discussion is, of course, intended to hold for all sub-specifications of the 
stimulus variables in Pr.B., as well as for S (e.g, So, Sc, Su). 
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programmatic, and empirically unmoored, as is the concept of “stimulus 
energy” itself. 

(4) The discussion of Hull’s data language usage of R showed diffi- 
culties of the same order as was the case with S. This parallelism with 
the inadequacies of S continues, when we examine the general treatment 
of R. Before going further, it is well to recall that R is given both an 
independent and a dependent variable usage in the theory of Pr.B. 
(cf. Fig. 1). 

The full glossary elucidation of R is (p. 406): 


R = (1) reaction or response in general (muscular, glandular, electrical) ; 
(2) more specifically, the reaction which occurs as the result of previous 


conditioning. 


This tells us next to nothing. Sense (1) characterizes “reaction” only 
adjectivally as “muscular, glandular, electrical,” but gives us no clue to 
the circumstances under which the noun “reaction” may be applied. 
Sense (2) is merely a symbolic discrimination of R as considered in the 
Performance situation from I (p. 406), “a reaction which is in the process 
of being conditioned to a stimulus.” The following statements, however, 


give us further help: 


Our usual thoughtless custom is to speak of cycles of behavior by merely 
Naming their outcome, effect, or end result, and practically to ignore the various 


mg i i minal state about (p. 25). 
vements which brought this ter i aki wate oti. 


An ideally adequate theory even of so a 
ore, to keen with colorless movement and mere receptor impulses as such, and 
from these build up step by step both adaptive behavior and maladaptive be- 


havi not deny the molar reality of purposive acts 
vior, The present approach does of insight, of goals, of intents, of 


as ; intelligence, . 
(gun ic movement) of mln he Eee hn 
orms of behavior. We hope ultimately to show the ie fen ae alesratiae 
Such concepts by deducing them as secondary paip ihe a any 
objective primary principles. Once they have i ve detailed othe hei 
Understand them better but be able to use them wit es diate (ortal to met 
Particularly in the deduction of the movements which mediate 7 
ate) goal attainment . . . (pp. 25-26). 
These statements, together with the glossary eee 2; tea je 
little doubt that Hull proposes to deal with “reaction oT Tesponse” as 
Physically definable “movements” (“muscular, sega ) bs e 
ated Physical events (“electrical”). But, M at in ‘tae oe 
Cept, there is a marked deviation from the ca nito elves oan ae 
ice, In concrete applicational contexts, Hal assumes ji o 
outcome, effect, or end re- 


Correspondence between R and behavioral “out r er 
iusti i by the derivation of 
sult.” Hul] plainly intends to justify his practice by 


i ; ior” from “colorless movement” 
adaptive |, . and maladaptive behavior n ss n 
` Presumably via the postulates of Pr.B. (as in the derivation of the 
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“behavioral” S). A very important link in such a derivation must, of 
course, be some analysis of response generalization. But here we must 
note—quite aside from the programmaticity of other postulates that 
would be necessary—that Pr.B. contains no analysis of response gener- 
alization. Indeed, the only reference to the topic in Pr.B. is contained in 
a footnote (p. 183) which says that “space is not available in the present 
work for an adequate treatment of it.” 

(5) The argument developed in (4) above has an obvious bearing on the 
significance of the four explicit dependent variable R indicators given by 
Hull: p, tn n, and A. Hull supplies informal operational definitions for 
each of these which superficially seem adequate. But each of these response 
“measures” is left in the air, because of failure to characterize that which 
the measure measures (i.e., R). Obviously, R must be “qualitatively” or 
topographically delimited in some way before we can determine its prob- 
ability of occurrence, its latency, ete. But Hull fails to provide adequate 
conceptual tools for precisely this identification of R. It may be significant, 
in this connection, that Hull does not even include R as a dependent vari- 
able in the diagram of his “major” constructs (Fig. 1), but rather inserts 
Pp, «t, n and A as directly related to sEr. 

d. Summary of Hull’s treatment of independent and dependent vari- 
ables. In the analyses of this section, we have found manifold inade- 
quacies in Hull’s treatment of the independent and dependent variables 
of the theory of Pr.B. He begins initially with a defective metatheoreti- 
cal notion of such systematic empirical variables, which equates them 
with “directly observable events.” Despite Hull’s attempt to be explicit 
about these variables, we have found many barriers in the way of 
unequivocal specification of the total set of such variables presupposed 
by the theory. There are discrepancies among the independent variables 
identified in verbal, as against mathematical, formulations of the same 
postulates. There is indeterminacy with regard to which independent 
variables are linked to which intervening variables in certain of the 
postulates. One major independent variable (Cp) has no postulated 
linkage to any intervening variable at all. The dependent variables are 
unequivocally specified in number, but not in meaning. 

No formal empirical or “operational” definitions are specified. What- 
ever operational definitions of major empirical variables such as G, W, 
S, and R are informally suggested in the text, glossary and postulate 
formulations can be shown either to be inadequate to the theoretical role 
of the variable in question, inconsistent with data language applications, 
or insufficiently characterized to permit univocal interpretation. In one 
conspicuous case, a so-called independent variable G was defined so as 
to suggest multiple independent, intervening and dependent variable 
usages. 

If the independent and dependent variables of a theory are the factors 


TABLE 3. Intervening variables of the theory of Pr.B. as represented in Hull’s 
summary diagram (Fig. 1) and classified according to “type” 


TYPE I 


TYPE Il 


TYPE IH 


Symbol Elucidation 


Symbol Elucidation 


Elucidation 


“Afferent neural im- 
` pulse . . . in the 
s process of being con- 

ditioned to a reac- 

tion” (p. 407) 


“Habit strength 
conceived asa rough 

sHz or approximate 
stimulus-response 
relationship to Hr” 
(p. 404) 


“Behavioral oscilla- 
tion” (p. 313); “The 
oscillatory weaken- 
ing potentiality asso- 
ciated with effective 
reaction potential” 
(p. 406) 


“Afferent neural im- 
pulse as modified by 
afferent neural in- 
š teraction” (p. 407) 
(Considered in proc- 
ess of being condi- 
tioned to a reaction) 


Ñr “Effective habit 
i strength” (p. 404) 


“Reaction threshold, 
the minimal amount 
of effective reaction 
potential . . . that 
will mediate reaction 
evocation” (p. 405) 


d ‘‘Efferent dis- 
charge” (p. 111) 


n E E: 


“Afferent neuralim- 
pulse resulting from 
the action of a stim- 
ulus energy on & 
receptor, as S — s” 
(p. 407) (Consid- 
ered in process of 
action evocation) 


“Afferent neural im- 
pulse as modified by 
afferent neural in- 
teraction” (p. 407) 
(Considered in proc- 
ess of action evoca- 
tion) 


we 


“Strength of the 
ominant primary 

D drive operative in 
the primary motiva- 

tion to action after 

the formation of the 
habit involved” (p. 

03) 


i r A 
“Amount 
L of reaction 
R 


inhibition” 
~ | Actually |(p. 404) 


Type II |“Amount 
of condi- 


“Reaction poten- 
tiality” (p. 253); 
sEg “Excitatory, poten- 
tial, potentiality of 
reaction evocation” 
(p. 404) 
| 


E, “«Bffective reaction 
as potential” (p. 404) 


| nI 


“Momentary orit 

fp tive reaction potem- 

gh tial; se as modified 
by sOr” (p. 404) 


——— 


tioned 
inhibitory 
potential” 
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which provide anchorage to empirical states of affairs, the theory of 
Pr.B. must already be regarded as badly adrift. 


3. Intervening Variables 


Tt is the avowed function of the postulates of Pr.B. to introduce succes- 
sive links of the “intervening variable” chain of the theory, and to relate 
this chain to the empirical (independent and dependent) variables. Hull 
regards intervening variables or “logical constructs” as “symbols or X’s 
(that) represent entities or processes which, if existent, would account 
for certain events in the observable molar world” (p. 21). He believes 
that “their use is attended with certain difficulties and even hazards” 
(p. 22) : 


At bottom this is because the presence and amount of such hypothetical factors 
must always be determined indirectly. But once (1) the dynamic relationship 
existing between the amount of the hypothetical entity (X) and some antecedent 
determining condition (A) which can be directly observed, and (2) the dynamic 
relationship of the hypothetical entity to some third consequent phenomenon or 
event (B) which also can be directly observed, become fairly well known, the 
scientific hazard largely disappears. . . - When a hypothetical dynamic entity, or 
even a chain of such entities each functionally related to the one logically 
preceding and following it, is thus securely anchored on both sides to observable 
and measurable conditions or events (A and B), the main theoretical danger 
vanishes. This at bottom is because under the assumed circumstances no 
ambiguity can exist as to when, and how much of, B should follow A. 


The main purpose of this section is to determine how successfully the 
intervening variables of Pr.B. have eluded these “hazards” cited by Hull. 
The discussion will include (1) a classification of the chief intervening 
variables, and (2) consideration of their systematic status. 

a. Chief intervening variables. Hull’s summarizing diagram presented 
in Fig. 1 (p. 29, this report), gives a bird’s-eye view of what he regarded 
as the major symbolic constructs” (encircled symbols) of Pr.B., “together 
with . . . the supporting objectively observable conditions and events” 
(p. 383). 

A rough classification of intervening variables, based on the nature of 
their relations with independent variables, may be made from this dia- 
gram. Type I intervening variables will be those which are directly linked 
to independent variables (e.g., 8). Type II intervenings are those which 
bear indirect relations to independent variables, as mediated by their 
direct relations to prior intervening variables (e.g, sHr). Type it 
intervenings are those which bear no relations to independent variables- 
Table 3 presents the intervening variables of the theory as classifie 
according to type. 

Presumably, Fig. 1 and Table 3 reveal the intervening variable structure 
of the theory as abstracted from the postulates. Careful collation of thes? 
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materials with the postulates and embedding discussions, however, will 
immediately reveal many discrepancies. For instance, § and § cannot pos- 
sibly be Type I variables, because according to postulate 2 which intro- 
duces these variables (p. 47) into the theory, they are linked not to the 
independent variables S and S, but to the prior intervening variables 
§ and s. D cannot be regarded as in the theory at all, because there is no 
postulated linkage to Cp. Similarly, Type I intervening variable r cannot 
be in the theory because there is no postulated linkage to independent 
variable R. 

The inhibition variables demand special scrutiny. Although Hull 
treats them in the postulates, diagram, and various other places as Type 
I (directly related to independents), there are implications to the con- 
trary both in Hull’s explicit statements, and in their place in the structure 
of the theory. 

İr and Ip seem, by implication of postulate 8 (p. 300), to be some func- 
tion of a Type I intervening variable which Hull refers to as “a primary 
negative drive (D)” produced “whenever a reaction is evoked.” By pos- 
tulate 9, sIr arises by virtue of stimuli being “closely associated to the 
cessation of a response,” these stimuli thus becoming “conditioned to 
the inhibition . . . associated with the evocation of that response” (p. 
300). Such conditioning of a stimulus to the reactive inhibition associated 
with the response is presumed to take place only because cessation of R 
brings about reduction of the “negative D” posited in postulate 8, thus 
eventuating in the process of reinforcement, or G. Thus, it would seem 
that s/p requires linkage to the prior Type I variable of Œ, as well as the 
prior Type I variable of “negative D” implied in postulate 8. Such an 
analysis would force us to regard fp, Ir, and sz as Type II variables on 
our definition—i.e., as intervening variables related mediately to inde- 
pendents via Type I intervenings. 

It should further be apparent that certain intervening variables which 
appear neither in the postulates, nor the structural diagram, should be 
included, if full specification of the variables presupposed by the theory 
were to be achieved. To take but one instance, the highly ambiguous 
“independent” variable G would seem to demand, at the minimum, the 
specification of a correlated Type I intervening variable corresponding 

‘to the process of “need reduction” or “primary reinforcement.” 

We should also note that Type III intervenings sLr and sOz, whatever 
their merits, are at variance with Hull’s metatheoretical conception of 
the nature of intervening variables, since they are not linked, either 
programmatically or actually, to any “observable” antecedent conditions 
at all. 

We will meet additional instances of indeterminacy in the intervening 
variable chain in the subsequent discussion of construct interrelations. 

b. Systematic status of the intervening variables. In the following para- 
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graphs, we will be concerned with two questions: (1) the mode of defini- 
tion of the intervening variables, and (2) their reality status. 

(1) Mode of definition. The postulate set constitutes the implicit 
definition (85) of the intervening variables. As we have already noted, 
in Pr.B. intervening variables are introduced in each case by specified 
linkages (asserted within postulates) to (1) independent variables, (2) 
other intervening variables, and (3) dependent variables. These func- 
tional relationships are specified in a general way in the verbal formula- 
tion of the postulates, and (presumably) more concretely in the “mathe- 
matical” statements given for most of the postulates. 

In an empirical system, terms given implicit definition may also be 
subjected to other classes of definition: viz., explicit and empirical or 
operational definitions. In “interpretive” systems, “coordinating defini- 
tion” may also be distinguished, but Hull’s theory is not of this variety 
(cf. 85). 

Since Pr.B. is far from a fully formalized theory, it is difficult to 
determine whether explicit definitions are intended for any of the inter- 
vening variables. In Mathematico-Deductive Theory of Rote Learning 

(51), which is highly formalized, the intervening variables (“symbolic 
constructs”) are introduced “as undefined terms’—i.e., they have the 
acknowledged role of “primitives.” Pr.B., however, states only postulates 
in “formal” fashion; definitions not being formally indicated. Neverthe- 
less, the embedding discussion provided by the text attributes many prop- 
erties to the intervening variables as over and above those assigned by 
the postulates. We cite but one example: 


The drive concept, for example, is proposed as a common denominator of all 
primary motivations, whether due to food privation, water privation, thermal 
deviations from the optimum, tissue injury, the action of sex hormones, or other 
causes (p. 239)... . Most, if not all, primary needs appear to generate and 
throw into the blood stream more or less characteristic chemical substances, or 
else to withdraw a characteristic substance. . . . It appears probable that when 
blood which contains certain chemical substances thrown into it as the result 
of states of need, or which lacks certain substances as the result of other states 
of need, bathes the neural structures which constitute the anatomical basis of 
habit (gH), the conductivity of these structures is augmented through lowered 
resistance either in the central neural tissue or at the effector end of the con- 
nection, or both (pp. 240-241). 


Whether certain of these embedding statements could be assigned the 
status of explicit definitions is an arbitrary matter for a theory in the 
form of Pr.B. Decision would depend on whether Hull regards such 
statements as “extra-systemic” aids to understanding, or as intrinsic to 
the theory. It could, we think, be argued that certain of these statements 
must necessarily be regarded as parts of the theory, but which specific 
statements would constitute explicit definitions, which empirical defini- 
tions (or parts of empirical definitions), and which would be assimilated 
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into a more adequate statement of postulates, remains moot at this level 
of formalization. 

How do Hull’s intervening variables stand with respect to empirical or 
operational definition? There has been much confusion on this question. 
Hull talks about the desirability of “an empirically workable operational 
definition” of his “quantitative” intervening variable units (e.g., habs, 
motes, wats, pavs) in a footnote (p. 281). It must be noted, however, that 
Hull’s metatheoretical view of the nature of an intervening variable 
precludes direct operational definitions. Intervening variables are linked 
by specified functional relations either immediately or mediately (via 
other intervenings) to independent and dependent variables. The inde- 
pendent and dependent variables are presumably operationally defined. 
Insofar as one can legitimately speak of intervening variables as being 
Operationally defined, this can only be indirectly in terms of the opera- 
tional definitions of the independent and dependent variables. The situa- 
tion is, of course, complicated by the fact that Hull does not seem to 
remain consistent with his notion of intervening variables as X’s which 
are uniquely characterized by their stated functional relations to “ante- 
cedent” and “consequent” conditions. To the extent that Hull treats 
(explicitly or by implication) specific intervening variables as “existential 
Teals,” the possibility of direct operational determination must remain 
Open. This question shades over into our next topic. ; 

(2) “Reality status” of Hull’s intervening variables. Questions having 
to do with the “reality status” of Hull’s theoretical constructs have long 
been matters of considerable controversy. Those who favor a consistent 
interpretation of Hull’s constructs as “purely behavioral” must maintain 
that Hull’s “intervening variables” are exclusively defined in terms of 
their stated relations to empirical variables which are unique to the 
language of behavior theory. The alternate possibility is that some or all 
of what Hull’s calls his “intervening variables” are defined in such a way 
as to assert or imply “existential” referents which correspond to entities 
dealt with at a different linguistic level (e.g., the language of physiology, 
biochemistry, ete.). Theoretical variables of this latter variety would 
correspond to what MacCorquodale and Meehl (93) have termed “hypo- 
hetical constructs,” in eontradistinction to functionally constituted, non- 
Ontologically-significant, “intervening variables.” 


he only source from which the meaning of a theoretical term can be 


inferred is the totality of its definitional specifications (implicit, explicit 
and empirical), and its detailed contextual usage within the theory. There 
is no doubt that the postulates, text and glossary of Pr.B. contain many 
Statements which impute physiological referents (and other “existence” 
Properties) to some, and perhaps all, “intervening variables.” Although 
the presence of such existence assertions and implications is easy to 
detect, the precise content of such ontological attributions, in the case 
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of each concept, is very difficult to reconstruct. This is only partly because 
of the scattered, informal and often inconsistent nature of the definitional 
specifications in Pr.B.; the difficulty is compounded by Hull’s apparent 
inability to adopt a determinate metatheoretical position about the 
reality status of his concepts. We saw this to be the case in discussing 
Hull’s orienting attitudes with respect to “level of analysis,” earlier in the 
report (cf. pp. 13-15, this report). The net result is the paradox of a 
“molar behavior” theorist who seeks to derive all behavioral relations 
from the “afferent impulse” and the “efferent discharge.” 

There is no particular point in attempting reconstruction of the physi- 
ological existence properties imputed to each concept. Evidence that such 
properties are introduced is easily marshaled. In summary fashion, we 
may cite the following: 

(1) Hull leaves little room for doubt that his intention is at least to 
guide the choice of his concepts by the requirements of extant neuro- 
physiological knowledge (cf. p. 14, this report). 

(2) There is no question but that certain of the “sign vehicles” in 
the postulates of Pr.B. appear also in the language systems of such 
disciplines as neurophysiology and neuroanatomy. Take for example: 
“afferent impulse,” “receptor,” “central nervous tissue” (postulate 1, p. 
47), “afferent neural impulse,” “nervous system” (postulate 2, p. 47), 
“effector activity,” “receptor activity” (postulate 4, p. 178). There is 
also no doubt that the usage of certain of these sign vehicles, within the 
postulates, is more than roughly similar to their usage within physiology. 
We need go no further than the first sentence of postulate 1 (p. 47) : 


When a stimulus energy (S) impinges on a suitable receptor organ, an 
afferent neural impulse (s) is generated and is propagated along connected 
fibrous branches of nerve cells in the general direction of the effector organs, via 
the brain. 


(3) It is evident that many statements may be found at various points 
in the textual embedding discussion of key intervening variables which 
directly impute physiological referents to such variables. For instance 
(p. 102): 


. it is important to note that habit strength cannot be determined by 
direct. observation, since it exists as an organization as yet largely unknown, 
hidden within the complex structure of the nervous system. 


Tt is evident, further, that in the text Hull discusses, sometimes in con- 
siderable detail, possible physiological mechanisms which correspond to 
various of his intervening variables. Occasionally, Hull goes out of his 
way to show the possibility of deriving “molar behavioral,” intervening 
variable properties from “neurological” or “submolar” factors (e.g., the 
“deduction” of the relations between S-R asynchronism and gH, from a 
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“neurological hypothesis,” pp. 167-169; the discussion of the “possible 
submolar causes” of sOp, pp. 309-310). 

It must be emphasized that the extent to which each of Hulls interven- 
ing variables implies “physiological existents” is a separate question, re- 
quiring detailed analysis in each case. There are certainly wide differences 
m specificity of physiological (or ontological) reference. In a general 
Way, one could contend that the Type I intervenings, which clearly func- 
tion as the immediate intra-organismic surrogates for the independent 
variable factors of the theory, probably carry the strongest (physiologi- 
cal) existence implications among the three types. An “afferent impulse” 
Would seem to be just that (among other things assumed by the pos- 
tulates in which the expression occurs) and an “effector activity,” just 
that. Drive (and “need” 1°) is certainly correlated with a physiological 
existent, and so, we would contend, is the intervening variable sense of G 
(the physiological events correlated with need reduction which act so as 
to strengthen sCp’s). 

Type II and Type III intervenings seem to correspond somewhat more 
roughly to physiological “reals” than Type I concepts. Type I variables 
Seem to be set up in such a way as to imply physiological referents which 
“possess” most or all of the properties which the identical sign-vehicles 
denote when used in the language of physiology. Type II and Type II 
Intervenings, by and large, imply physiological referents of which the 
variables, as postulated, are a highly abstractive or selective function. 


4. Interrelations Among Constructs 

The relations interconnecting the three classes of variables of the 
theory of Pr.B. are, of course, exhibited by the verbal formulations and 
the corresponding “mathematical statements” of the postulates. Diagram- 
Matic and tabular recapitulations of the construct interrelations asserted 

Y the postulates which introduce the chief intervening variables of the 
theory are given in Fig. 1, and Tables 1, 2 and 3 of the present report. 

In this section we will (1) summarize certain general characteristics 
of the construct interrelations asserted by the theory of Pr.B., and (2) 
Present an initial survey of certain indeterminacies in construct interrela- 
tions. The discussions of this section are intended as merely a preliminary 
limning in of the issues. Many of the problems connected with construct, 
interrelations can only be dealt with in terms of extensive analysis of 
Hull’s techniques of quantification, and the empirical aspects of his 
methods of postulate construction. These issues will be considered in later 
Parts of the report. A 

a. General characteristics of construct interrelations. The variable 
linkages asserted by the postulates are constructed from a variety of 


*The relation between “drive” and “need” is one of the enigmas of Pr.B. 
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sources. The majority are based on empirical equations fitted to the data 
of empirical behavior studies, the experimental independent and depend- 
ent variables of which are taken as “realizations” of the theoretical vari- 
ables under consideration. In such cases, the particular experiments used 
to suggest construct interrelations may either be designed for the purpose 
(e.g., Hovland’s studies in connection with postulate 5 on “stimulus 
generalization,” pp. 183-190; the Perin-Williams study in connection with 
postulate 7 on “primary motivation,” pp. 226-257), or selected as the 
best available evidence (e.g.,) the Grindley experiment in connection 
with the relation between sHp and “amount of need reduction,” pp. 
125-127). Some of the construct linkages seem based on a complex ad- 
mixture of “rational” and “empirical” considerations (cf. discussion of 
sHp as a function of N in section on quantification pp. 74-78, this report). 
A number of postulates which assert only “qualitative” construct inter- 
relations (no “mathematical” statements being given) seem based pri- 
marily on rational considerations (e.g., postulate 2 on “neural interaction,” 
pp. 342-347; postulate 3 concerning “innate behavior” as related to “con- 
ditions of need,” pp. 57-67; postulate 11 on the “reaction threshold,” p. 
344; and postulate 16, p. 344, on “the competition of . . . incompatible 
reaction potentials”). Although the inductive basis for most of the pos- 
tulated functions derives from behavior experimentation, at least one 
major construct linkage—the relation between “stimulus energy” (8) 
and the “afferent neural impulse” (s)—seems directly based on neuro- 
physiological evidence. 

Much confusion seems to exist about the degree of quantitative speci- 
ficity of the construct linkages in Pr.B. This issue will be discussed in 
some detail in a subsequent consideration of quantification. Here we 
should note that in most instances Hull attempts to specify the type of 
mathematical function form relating the theoretical variables under con- 
sideration. In the “mathematical” statements of the postulates, this is 
done in terms of equations which exhibit the function form in mathemat- 
ical notation, but do not include values for the various empirical con- 
stants. In the verbal formulations of each of the postulates, function 
forms are identified in terms of a verbal paraphrase having one or another 
degree of specificity—e.g., “positive growth function,” “negative growth 
function,” “negative function,” “rises quickly to a maximum . . . fol- 
lowing which it gradually falls,” “increasing monotonic function,” “nega- 
tively accelerated decreasing monotonic function.” Despite a popular 
impression to the contrary, the theory of Pr.B. does not provide “mathe- 
matical statements” for all of its postulates. Three postulates (1, 2 and 
3) are given only in the verbal form, without equational supplementation. 
In the case of two other postulates (11 and 16), the so-called “mathe- 
matical statements” are translations of the verbal formulations into 
symbolic logic. 
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b. A sampling of indeterminacies in construct-interrelations. Our 
purpose here is to make an initial test of the extent to which the relation- 
ships specified in the postulates conform to Hull’s demand that all inde- 
pendent-intervening-dependent variable interconnections be specified by 
unambiguous functional relationships. We confine the present discussion 
to a number of brief exhibits which demonstrate a failure to characterize 
the functions linking the variables in question with sufficient specificity 
or completeness to permit passage from the antecedent variable(s) to 
the next in the chain. Many of the grounds for such indeterminacy have, 
of course, already been considered in previous discussions. Many addi- 
tional sources and varieties of indeterminacy will be considered in the 
subsequent division on “Methodological Characteristics,” and in further 
Portions of the report. 

We should state at the outset that Hull’s inability to do more than 
adumbrate his construct interrelations in a programmatic and indeter- 
minate way may be a reflection of the empirical and methodological 
limitations on the theoretically feasible in current psychology, rather than 
an indictment of Hull. But it seems particularly important to point up 
Such indeterminacy because of the danger that it may remain hidden 
under the apparent formality and detail of Hull’s presentation. 

We begin with consideration of postulate 4 because this critical prin- 
ciple of the theory illustrates several sources of indeterminacy in con- 
Struct-linkages which are typical of many of the other postulates. We 
then continue with a sample of further exhibits. 

Postulate 4: Perhaps the pivotal intervening variable of the theory— 
sHp (and AgH,)—cannot be determinately calculated because: 


(a) It is expressed in terms of an operationally meaningless program- 
matic unit—the “hab.” r 

(b) By admission of Hull, the defining functions given both verbally 
and in the equational form represent only a subset of the functions 
which generate sHx (cf. p- 181). The “intensity of the conditioned 
stimulus” and “the vigor or intensity of the reaction” are indicated 
as additional possible systematic independent variables which may 
require linkage to sHr. i ee ss 

(c) No adequate explication (operational definition) is given of the 
significance of certain of the systematic independent variables 
which appear in postulate 4 as determinants of sH r—notably G, 
and Ġ in the verbal form of the postulate, and what is apparently 
the representation of both of these in the mathematical statement 
—w. The ambiguities of Œ have already been sampled. G is 
nowhere defined, except implicitly in verbal postulate 4, as a 
stimulus associated with need diminution. The variable w is vari- 
ously referred to as “the magnitude of a reinforcing agent” (p. 508) 
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or “a constant change in a measurable objective criterion which 
results in a need reduction” (p. 178). Actually, w, which elsewhere 
(Ch. IX of Pr.B.) is held to represent all empirical events asso- 
ciated with quantity and quality of reward, is completely program- 
matic as a measurable independent variable. 

(d) No adequate discussion is given of the meaning of the critical 
empirical constants k, j, u, and i. As in the case of all empirical 
constants of the system, one is left in the dark as to the intended 
generality of these constants, and as to the method for determining 
them for any empirical context other than the context of initial 
determination. 


In performing actual derivations, or in any exemplary application of 
the theory, the most that can be done with postulate 4 is to make an 
arbitrary estimate of sHp on the basis of “intuitive” weightings of the 
contributions of the determining variables. Or, in concrete experimental 
contexts, one can assign a rough ordinal “value” to sH,p, based on the 
“setting” of the experimental independent variable, when conditions are 
such that the remaining parameters can be regarded as constant. 

It would be boresome to spell out similar points for each of the remain- 
ing postulates to which they are relevant. In general: 

Point (a) (empirically meaningless units) holds for all further inter- 
vening variables built up from sHpr in the postulated chain. Further 
sources of indeterminacy come in with the introduction of the “mote” as 
the unit of drive intensity, the “wat” as the unit for reaction potential and 
the “pav” as the unit for Zp (or is it Ip?—Hull is not clear concerning his 
intention here). 

Point (b) (specification of a subset of the determining functions) 
probably holds for a number of postulates other than those for which 
Hull explicitly acknowledges such incompleteness. In a very general sense, 
all of the postulates are suspect from this point of view, since it would 
indeed be surprising if, in the present state of empirical knowledge, Hull 
had correctly identified all of the determining variables for each of the 
intervenings in the theory. It would be still more surprising if some single 
“standard” function could adequately represent the relations between the 
independent and intervening variables. Thus, for example, it would seem 
sanguine to expect that all generalization gradients under all circum- 
stances will assume the form of the “negative growth function” posited 
in postulate 5. 

Point (c) (inadequate operational definition of independent variables) 
holds, as we have seen, for many of the independent variables introduced 
in connection with other postulates: e.g., W, S, R, Co, d. 

Point (d) (insufficient explication of empirical constants) holds for 
all postulates in which constants appear, i.e., the “mathematical state- 
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ment” of every postulate in which concrete function forms are identified. 

Postulate 2: This postulate links s (afferent neural impulse) to § 
(afferent neural impulse as modified by neural interaction). The indeter- 
minacy of postulate 2 has often been noted. The “neural interaction” 
Principle fails to specify the conditions determining the amount and 
character of neural interaction effects beyond: 


, Other things equal, the magnitude of the interaction effect of one afferent 
impulse upon a second is an increasing monotonic function of the first (p. 47). 


The postulate on neural interaction thus functions as a blank form which 
must be set at arbitrary values in ad hoc fashion any time it is used in 
derivations, It should also be indicated that this postulate has a peculiar 
importance in that it must, in principle, be used in every derivation of 
the system (i.e., s must always be transformed into § at the moment of 
&eneration). Indeed s, per se, seems to be some kind of limiting abstrac- 
tion, 

Postulate 6: This assumption introduces an intervening variable, D, 
and links this to another intervening, Sp, but, as has already been indi- 
cated, does not specify any functional relation linking D to any inde- 
Pendent variable. Discussion is given to a number of the relevant prob- 
lems in the text of Pr.B. (p. 239), and in other connections (cf. Fig. 1, 
also glossary Pr.B., p. 403) a systematic independent variable Cp, pre- 
Sumably constitutive of D, is introduced. But to the extent that the pos- 
tulates define the content of the theory of Pr.B., Cp is not a part of the 
theory, and hence another relational gap exists in the construct chain. 

Postulates 8 and 9: The inhibition postulates are ambiguous with 
Tegard to which independent variables are related to Ip as against Ip 
(cf. Pp. 37-39, this report). This means that, given the independent vari- 
ables acknowledged by the theory, we cannot determinately calculate 
R or Tp, and therefore sz and sEp. 7 

Postulate 16: The assumption about “the competition of . . . incom- 
Patible reaction potentials” suffers from much the same order of in- 

eterminacy as does postulate 2. This postulate is admittedly a simpli- 
fying assumption which asserts that: 


When the reaction potentials . . . to two or more incompatible reactions . . . 
occur in an organism at the same time, only the reaction whose momentary 
effective reaction potential . . . is greatest will be evoked (p. 344). 


Hull acknowledges that experimentation suggests the occurrence of “as- 
Sociative inhibition” under such circumstances, but he is not prepared 
to state the function determining “possible generalized inhibitory tend- 
€Ncies.” Such caution is highly commendable, but it is easy to forget that 
the absence of a determinate functional specification at this place makes 
Postulate 16 another “blank form” assumption, in a sense similar to 
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that of postulate 2. And it should be noticed that, like postulate 2, 
postulate 16 is, from a literal point of view, relevant to every application 
of the theory to concrete behavior situations. 

Before leaving this section, it should be noted that a multiplication of 
indeterminacy of construct-interrelations may arise from the possibility 
that certain members of the postulate set are non-consistent. “Consist- 
ency,” as we shall later have occasion to note, is extremely difficult to 
evaluate in a complex empirical postulate set—particularly a tentative 
and programmatic one. Nevertheless, the part of postulate 8 which as- 
sumes that “the amount of net inhibition (fr) generated by a sequence 
of reaction evocations is a simple linear increasing function of the 
number of evocations” seems to imply consequences which could conflict 
with the implications of the positive growth relationship between habit 
strength and number of reinforcements (N). In any case, the rules for 
applying these assumptions jointly in derivations need clarification, if 
“absurd” results are to be avoided. 


C. METHODOLOGICAL CHARACTERISTICS 


In the preceding division of the report, we considered, independently, 
the chief components—data language, independent and dependent vari- 
ables, intervening variables, construct interrelations—which mutually 
determine the structure of the theory of Pr.B. In the present division, 
we are concerned with certain of the formal and mathematical charac- 
teristics of that theoretical structure. Since Hull’s theoretical objectives, 
both in terms of long-range orienting attitudes and specifically in the 
formulation of Pr.B., are hypothetico-deductive and quantitative, it be- 
comes of the first importance to examine the theory in the light of the 
criteria of hypothetico-deductive and mathematical procedures, Such 
inquiry should enable us to test the degree of correspondence between 
Hull’s explicit aims and his achievement in Pr.B. It should also give 
us additional insight into the methods of theory construction which de- 
termine the theoretical structure already considered. Accordingly, in this 
division of the report, we examine the theory of Pr.B. in terms of 
(1) explicitness of axiomatization, (2) techniques of quantification and 
postulate construction, and (3) techniques of derivation. 


1. Explicitness of Axiomatization 


If we assign rank-order grades among the influential learning theorists 
of the past few decades with respect to explicitness of axiomatization, 
Hull unquestionably comes out as top man inthe class. Although it is 
customary to recognize this, and to point to Hull’s work as a model of 
formal precision within the field of behavior theory, it may still be 
useful to assess the status of Hull’s axiomatic procedures on a less rela- 
tive scale. Indeed, if Hull’s formulations are to serve as models of rigor 
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in our field, it becomes essential to determine the limits within which 
emulation of the model might prove desirable. 

There is perhaps some confusion among psychological methodologists 
as to standards of explicitness of axiomatization in science. Only in certain 
of the systems of symbolic logic do we find a close approximation to 
“complete” explicitness of axiomatization (i.e, with full statement of 
rules of inference, careful distinction between syntax and object lan- 
guage; consistency, independence, and completeness proofs, etc.). Even 
within symbolic logic, maximum explicitness is found only in the 
“poorer” systems (e.g, systems like the sentential calculus). Mathe- 
matical systems vary widely in explicitness of axiomatization, but as 
a group they are less explicitly formalized than logical calculi. Finally, 
in general, the empirical systematizations of physical science are con- 
siderably less explicit than mathematical systems. 

In an empirical theory, fullness or explicitness of axiomatization is not, 
in itself, a positive value. Rather, the empirical theorist must carefully 
balance the evident virtues of fully explicit axiomatization, against the 
great labor involved in approximating this, and the joint dangers of 
conceptual inflexibility and empirical hollowness that are attendant upon 
Premature formalization. Although no codified rules exist to facilitate 
such decisions,!! a complex of pragmatic criteria must be brought to 
bear on adapting the explicitness of axiomatization to the characteristics 
of the material under systematization, and to the requirements, existing 
at the given time, for achieving intersubjectivity of reference among the 
investigators in the field. It seems fairly evident that the practice in 
Psychology has been to aim for (or achieve) rather less explicitness of 
axiomatization than such criteria would make desirable. This should 
not blind us to the fact that it is possible to subject, certain classes of 
empirical relationships to a more explicit level of axiomatization than 
May be desirable. : ha 

Recall that different levels of explicitness are characteristic of the 
four types of theoretical formulations that Hull has put forward: (1) 
the early informal articles (e.g., 26, 28, 29, 30, 32, 34, 35, 38), (2) the 
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verbally formulated, qualitative “miniature” systems (39, 42, 47), (3) 
the partially “quantified” postulate set of Pr.B., and (4) the highly 
formalized M athematico-Deductive Theory of Rote Learning (51). Even 
jn the early theoretical articles, Hull attempted greater explicitness 
of formulation than is evident in the writings of most learning thcorists. 

It is entirely possible that Hull has in certain contexts aimed for a 
more explicit degree of axiomatization that would be desirable on the 
basis of criteria similar to those discussed above. This seems to have 
been the case in Mathematico-Deductive Theory of Rote Learning (51) 
which represents, by intention at least, a more explicit level of formaliza- 
tion than most theories in physics. In this work, each of the 18 postulates 
js stated both verbally, and in a combination of the language of 
symbolic logic and mathematics. Eighty-six explicit definitions are con- 
structed from 16 primitive terms, and are also stated alternately in 
English and symbolic logic. Theorems are derived mathematically, and 
these derivations are explicated by alternate ones in English. Only one 
sample proof is carried out in symbolic logic; it is the proof of “Corol- 
lary 1 of Postulate 1,” and it requires the prior derivation of 50 theorems 
before the symbolic expression of the corollary may be written as a 
derived statement. The obsessive degree of axiomatization of this work 
can, however, be justified by Hull’s desire to put forward a model theory. 
The subtitle of the book is A Study in Scientific Methodology, and as 
such a study the system represents an important contribution. At the 
other extreme, it may be significant to note that the least explicitly 
axiomatized of Hull’s formulations—the early articles—seem among his 
most fruitful and suggestive contributions. 

In Pr.B., the status with regard to explicit axiomatic treatment is 
quite complex. Hull’s intention in this book is primarily to present the 
postulate set for a general theory of behavior, and not to provide any 
detailed elaboration of the consequences of this theory. Thus “only a 
random sampling of some fifty or so secondary principles (corollaries) 
is included in the .. . volume,” and “these are given chiefly for pur- 
poses of illustrating the meaning of the primary principles” (p. 398). 
Since the purpose of the book was restricted to the elucidation of postu- 
lates, there is every reason to expect great care in insuring the explicit- 
ness and univocality of what these postulates assert, and what the text 
says that they assert. Among other things this would mean the specifi- 
cation of careful and consistent explicit and operational definitions for 
many of the terms which occur in the postulates. It would have mat- 
tered little whether the resources of symbolic logic or other formalistic 
embellishments were utilized, for there was no evident intention to carry 
out rigorous formal derivations. The chief requisite would have been 
consistency and precision of reference within the resources of the English 
language and the notation of the theory. i 
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In summary fashion, the general situation with regard to explicitness 
of axiomatization in Pr.B. may be stated as follows. 

(1) The level of explicitness aimed at is in some respects too “high” 
and in some respects too “low” (in relation both to the character of the 
material under systematization, and the demands of rigor and communi- 
cation). Specifically, an unrealistic level of explicitness is attempted in 
the quantitative formulation of the postulates, while the “explicitness” 
objective seems too modest in the case of definitions. 

(2) The over-all level of explicitness achieved falls short of the over- 
all level aimed for, or at least it falls short of the impression of explicit- 
ness that Hull apparently tried to create. 

This gap between intended (or suggested) explicitness and achieve- 
ment is a serious matter. The formalistic impression created by the 
elaborate verbiage of the postulates, the many symbols, and the mathe- 
matical trim tends to obscure many sources of ambiguity in the theory. 
Specification of formal, explicit and empirical definitions might either 
have exposed many of these ambiguities, or eliminated them. 

In the consideration of the structure of the theory, we had occasion 
to note many examples of ambiguity in the definitions of the three classes 
of theoretical variables, and in the specification of their functional inter- 
connections, Gathering certain of these departures from explicitness to- 
gether, we may classify some of the principle sources of ambiguity in 


the following way: 


(1) Discrepancies between test, verbal formulations of postulates, and 
mathematical formulations of postulates (in any combination). 

(2) Omissions in formulations of postulates of qualifications made in 
the text. 

(3) Surreptitious shifts in the usage of presumably the same varia- 

bles in different postulates. 

Downright ambiguity of the 

tion of terms anywhere. 


(4 postulates due to insufficient explica- 


© 


The first two sources of ambiguity (discrepancies between text, verbal, 
and mathematical formulations of postulates, and omissions of qualifica- 
tions) have been amply illustrated in the discussion of independent and 
dependent variables (cf. pp. 25-46, this report), intervening variables 
(pp. 46-51), and construct interrelations (pp. 51-56). Similarly, as regards 
item (4) (“downright ambiguity”), we have seen that certain of the 
postulates—e.g., postulates 8 and 9 on inhibition—defy unequivocal 
interpretation, no matter what combination of the relevant formulations 
(verbal or mathematical postulates, text) are considered. As for item 
(3)—surreptitious shifts in the use of variables from one postulate to 
another—our consideration of the “stimulus” and “response” variables 
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has already implied this, but it may prove instructive to assemble the 
evidence at this place. 

Postulate 1, as we already know, links “stimulus energy,” S, to the 
“afferent neural impulse,” s. If we take this postulate, together with Hull’s 
declared theoretical intentions (cf. quoted passage, p. 43, this report) 
seriously, it must follow that all other postulates be formulated in terms 
of s not S, and, whenever reaction becomes relevant, in terms of r not R. 
Postulate 2 on “afferent neural interaction” is, of necessity, consistent 
with this expectation, being formulated in terms of s. When we get to 
postulate 3, an ambiguity already creeps in, for although this postulate 
talks about unlearned ‘receptor effector connections” (p. 66), the symbol 
introduced to designate such connections is sUr, not .U,. The critical pos- 
tulate 4 shows a like ambiguity in that an increment of sHpr is held to 
result from the temporal contiguity of “a receptor activity” and ‘an 
effector activity” (;C,), and, curiously enough, the symbol sH pr is implicitly 
defined as “an increment to a tendency (A sHp) for that afferent impulse 
on later occasions to evoke that reaction” (p. 178, ital. mine). Postulate 5 
also talks in terms of “afferent impulse $ and s” (p. 199) as it introduces 
the concept sHr. Arriving at postulate 6, we find the “afferent impulse” 
phraseology completely absent as the “drive stimulus (Sp)”’ is introduced 
(p. 253). (The “afferent impulse” symbolism would seem particularly ap- 
propriate in this case where the stimulation is typically “internal.’’) 
Postulate 8 talks in terms of R, while postulate 9 talks about “stimuli (S) 
closely associated with the cessation of a response (R)” (p. 300). Postulate 
11 is formulated in terms of “stimulus (S)” and “reaction (R),” while 
postulates 12 through 16 are uniformly expressed in terms of “reaction 
evocation,” “reaction,” or “responses.” 

One consequence of this tendency to shift indifferently as between 
S and s, R and r is the basic ambiguity which is conferred on the central 
construct of the theory—that of a habit connection (sHpr). Leeper (92) 
has already indicated that habit connections are treated in at least 
four different senses in Pr.B., namely as: (1) stimulus-response connec- 
tions, (2) receptor-effector connections, (3) zones of receptor-effector 
connections and (4) afferent neural impulse and efferent discharge con- 
nections (or afferent impulse and reaction connections). 

On the basis of all of the foregoing considerations, we should under- 
line a highly instructive paradox. On the surface, the theory of Pr.B. 
with its carefully labeled verbal postulates and their mathematical 
translations appears to be one of the most explicitly axiomatized formu- 
lations in psychology. Yet, close analysis brings so many dimensions of 
ambiguity into view that the apparently crisp contours of each postu- 
late, and the set as a whole, fades away into uncertainty. What a given 
postulate of Pr.B. asserts will depend upon whether the interpretation is 
based on the verbal or mathematical statement, whether the interpreter 
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wishes to stress one elucidatory passage in the text rather than another 
(or indeed on whether the text is given weight at all), whether the given 
postulate is considered in isolation from others or in conjunction with 
them, whether the interpreter reads one or multiple meanings into a 
given symbol, and whether the interpreter can construct some meaning- 
ful interpretation of postulates which seem equivocal in all contexts of 
the presentation. Such deficiencies of communication are, of course, com- 
mon in informal and “literary” modes of presentation. It is not our 
intention to draw an invidious contrast between the theory of Pr.B. 
and certain less “formally” stated competing formulations. In such in- 
formal presentations, however, one expects and is prepared for a certain 
“hiddenness” of axiomatization. One is not comparably prepared for a 
Possible vagueness of assumptional content when the trappings of postu- 
lational technique are present. Explicit identification of axioms does not 
necessarily entail explicit formulation of axioms. It is important that 
theorists and analysts of theory guard against mistaking the former 
for the latter. 

This section should not be concluded without brief reference to the 
Problems connected with the consistency, independence and completeness 
of the postulates of Pr.B. All three of these desirable properties of postu- 
late sets are very difficult to evaluate even in relatively simple formal 
Systems (of logic and mathematics). So-called “proofs” of consistency, 
independence and completeness depend, in the first instance, on finding 
a specific interpretation (or set of interpretations) of the axiom set, in 
terms of a set of entities which are themselves accepted as consistent. In 
a complex empirical postulate set (scientific theory) the problems are of 
an entirely different order. Finding an alternate empirical “interpreta- 
tion” of a postulate set initially constructed for purposes of systematizing 
a complex empirical domain is, in most cases, out of the question. Should 
Such an interpretation be found, the chances of deciding consistency, 
Mdependence or completeness would be no better than in the case of 
the original interpretation. In general, in empirical systems of any 
degree of complexity, whether the postulate set implies contradictory 
theorems, whether certain of the “postulates” are, in reality, derivable 
from athens and whether every relationship that can be constructed 
from the base (primitive terms and relations) of the theory is derivable 
as a theorem, can only be decided by patient inspection as the theory 


is elaborated. 

It is, of course, meaningles 
ness” of a theory having the sta 
Consistency and independence, we ™ 


Siderations 
tency arises as between elements of 


A striking possibility of inconsis a8 Deb 
Postulate 4 (reinforcement) and postulate 8 (inhibition). The growth 


s to raise questions about the “complete- 
tus of that of Pr.B. With regard to 
ay offer the following scattered con- 
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relationship linking sHp with N, seems capable of generating conse- 
quences incompatible with the linear relationship assumed to hold be- 
tween net inhibition (fp) and the number of reaction evocations (n), 
without further specification of more detailed characteristics of these 
two functions.!? 

With regard to possible cases of nonindependence of postulates, it may 
be of interest to observe that Hull, himself, acknowledges two such 
instances. The first has to do with postulate 9 which implicitly defines 
the construct of “conditioned inhibition” (sIr). It will be recalled that 
slp arises by virtue of stimuli “closely associated with the cessation of 
a response” becoming “conditioned to the inhibition (Zz) associated with 
the evocation of the response” (p. 300). Since Ip is assumed, in the first 
instance, to constitute “a primary negative drive” which must diminish 
with cessation of response, this might be interpreted as providing a 
source of primary reinforcement for the conditioning of the “closely 
associated” S to some such entity as the R of “muscular contraction” 
(thereby generating “negative habits” or tendencies not to respond). 
Indeed, the “alternate” assumption of sIr as a primitive mechanism in 
postulate 9, assuming as it does a direct linkage between a stimulus 
and a drive variable, seems to violate an implicit convention of the 
theory (and a reasonable one) to the effect that R processes and only 
R processes are attachable to S processes. We will later see that, in the 
theory of 1949-1951, sp actually becomes a derived mechanism. So far 
as can be determined, however, the shift in 1949 is made on no different 
a basis that it could have been made in 1943. In any event, the inhibitory 
assumptions are so unsatisfactory in form in both theories that the 
question of whether slp be best treated as primitive or derived becomes 
an idle concern. 

A second principle pointed to by Hull as possibly nonindependent is 
postulate 10 on “behavioral oscillation.” Hull suggests (p. 320) that “in 
the present system, the principle of oscillation seems to be shifting from 
the status of a postulate or primitive principle to that of a theorem or 
secondary principle,” but gives no grounds for this belief. If Hull were 
to remain consistent with the discussion of oscillation in Pr.B., the 
“derivation” of Opr could only have been mediated via such “submolar” 
considerations as the random “spontaneous firing” of nerve cells and the 
variability in the reaction thresholds of axon fibers (together with such 
postulated principles as neural interaction and generalization). Such a 
“derivation” would entail the introduction into the theory of one or more 
postulates asserting the existence of these physiological phenomena, or 
at least defining the characteristics of some variable or variables which 


as Tb is interesting to note that in the 1949-1951 postulate sets, alterations of 2 
sort which remove this possibility of inconsistency are evident in the inhibition 
assumptions (cf, Part II, p. 144), 
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represent some abstractive function of these phenomena. It may be 
relevant to add that the postulate of behavioral oscillation remains 


a postulate in the 1949 theory. 


2. Techniques of Quantification and Postulate Construction 


No aspect of Hull’s procedure is more important for an understanding 
of the status of the theory of Pr.B. than his “quantitative” techniques. 
In the discussion of orientative attitudes (pp. 12-18, this report), and in 
other places, we have seen that the desire to achieve quantitative 
behaviorial laws dominated Hull’s efforts from the beginning of his 
theoretical career. By 1940, Hull felt prepared to attempt the specifica- 
tion of quantitative postulates in the context of the limited-scope theory 
represented by Mathematico-Deductive Theory of Rote Learning (51). 
The publication of Pr.B., only two years later, represents Hull’s initial 
attempt to approximate the quantitative specification of a postulate 
set for a behavioral theory of unrestricted generality. As we will later 
show in detail (cf. Part II), the terminal decade of Hull’s career—from 
1943 until his death—was ruled by the effort to translate the largely 
programmatic “quantification” of Pr.B. into the substance of “genuine” 
quantification. R 

Introductory Considerations. Perhaps the principal reason for the per- 
sistence of certain confusions about the status of Hull’s theory stems from 
failure to get the quantitative aspects of his procedure into proper perspec- 
tive. To some extent, this failure reflects a certain superficiality in recent 
and current thinking about the place of mathematical and “quantitative” 
Procedures within psychological theory. We stand, at present, very far 
from the solution of many methodological (and creative mathematical) 
Problems which must be resolved before attempts to achieve quantitative 
laws of any wide degree of generality can become rational. If these prob- 
lems are far from solution, they are at least susceptible to formulation. It 
is to Hull’s credit that he apparently perceived some of the problems 
Which act as barriers against quantification. Unfortunately, however, his 

esire to surmount them was so great that a clear definition of the bar- 
riers did not always register in his writing. In many cases, the speed and 
Vigor of the jump tended to blur the contours of what was being jumped 
Over, 


Any assessment of a th 
from the recognition that suc 
contexts within any empirica 
May be distinguished: 


eorist’s quantitative procedures must start 
h procedures may figure in a plurality of 
] theory. In general, three such contexts 


(1) Procedures for the measurement of the (systematic) independent 
and dependent variables in terms of which the empirical laws of 


the theory are expressed. 
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(2) Statement of the mathematical form, at one level of determinacy 
or another, of the functions relating any given variable or set of 
variables to another. 

(3) Rules of inference in the derivation of theorems from postulates. 


The first two contexts of mathematical application are of primary 
importance, because they uniquely determine the manner and extent to 
which mathematical principles may function as “rules of inference” in 
mediating derivations. Problems relevant to the construction of quan- 
titative theory center, then, in “contexts” (1) (the mensuration of 
empirical variables) and (2) (the specification of function forms). Al- 
though there are special problems characteristic of each context, fruitful 
solutions to problems in either can only be achieved in the light of 
requirements established by the other. 

It cannot be our purpose here to consider in detail the problems that 
confront the behavior theorist with quantitative intentions in each of 
these areas. Certain of the more conspicuously moot ones must, however, 
be mentioned. First, it should be noted that systematic independent and 
dependent variables must be susceptible to an order of “measurement” 
which might pragmatically legitimate the effort to specify function forms 
to the degree of mathematical precision sought. Without going into the 
subtleties of the problem of measurement, this at least means that the 
theorist must give careful thought to such matters as whether explicit 
mathematical functions fitted to the values of independent and dependent 
variables having only “ordinal” significance can have predictive em- 
pirical significance, and if so to what extent. Whatever the level of 
“measurement” the theorist believes attainable, he must take precautions 
that the “scale” which is ordered to a given independent or dependent 
variable is ordered to that variable as it functions within the theory (i.e., 
as it is applied in data language usage), and not to a homonym which in 
practice plays no role within the theory (e.g., independent variable S 
may appear to be measurable in several extensive dimensions, but this 
may not hold for S as actually used in the theory). Again, whether the 
independent or dependent variables be orderable to “ordinal,” “interval,” 

r “ratio” scales, the theorist must consider with care the question of 
whether the scaling procedure holds for a subset (or a single one) of the 
experimental independent or dependent variables to which his systematic 
empirical variables are reducible, or for the systematic variables actu- 
ally identified in the theory language (e.g., a scale for “differences” in 
the functional effects of “stimuli” at different points on a stimulus- 
attribute dimension like frequency, in terms of j.n.d. units, may not be 
applicable to all differences in stimulation). Further, if the theorist secks 
high generality of quantitative lawful relationships, as he must if he 
adheres to an intervening variable paradigm, he must fulfill some such 
requirements as the following. 
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(1) All alternate experimental variables to which a given independ- 
ent variable is reducible (e.g., the various sets of empirical conditions 
constitutive of hunger, thirst, sex, etc., ete. in the case of such a system- 
atic independent variable as Cp) must be brought to converge by 
appropriate “scaling” techniques on a common quantitatively consti- 
tuted intervening variable (e.g. “drive”). 

(2) The intervening variable chain must be so constituted that a 
terminal value may be calculated (e.g, sĒr) which leads by quantita- 
tively consistent divergent relations to all empirical instances of all 
systematic dependent variables of the theory (e.g, the sealing of sEp 
and its associate dependent variables must be such that any sĒr value 
is translatable into mensurationally consistent values of p or stp or 
n or A, for any instance of R whatsoever). 

_ From such issues as were mentioned above, it is clear that mensura- 
tional problems concerning independent and dependent variables dove- 
tail with problems concerning the nature of the function forms which 
the theorist seeks to specify in the lawful statements of his theory. In 
Seneral, what is meant by a “mathematical” or “quantitative” function 
a8 itself vague in current usage. Classifying stated function forms as 
„Mantitative” or “qualitative” is to make a very crass dichotomy; the 

quantitativeness” of a functional relation may vary over a wide range 
of Specificity in the mathematical description of the relationship. Cur- 
rent usage in psychological methodology would probably agree in re- 
garding as a “qualitative” function statements of functional dependency 

etween variables which go no further than an indication of “direction” 

(eg, “positive,” “negative”) of the relationship | (although strict ad- 

€rence to the logistic interpretation of mathematics must demand that 
even such a function be regarded as “mathematical”). A more “quanti- 
tative” specification of function forms might involve a more detailed 
description of the trend or “shape” of the relation (e.g., “positively ac- 

Celerated increasing”). Progressively higher degrees of “quantitativeness” 
may involve an identification of equational type (e.g. “exponential,” 

Positive growth”), or an identification of equational type together with 
Specification of parametric values (i.e; estimates of empirical con- 
Stants) 13 Clearly, the order of “measurement” to which the independent 
and dependent variables of the theory seem actually or potentially sus- 
ceptible will determine the degree of function-quantification which is 
rationally feasible (e.g, should the type of measurement preclude mean- 
Mgful “additive” operations, the specification of highly quantitative 
unctions becomes an empty objective). Contrariwise, the level of fune- 
tion-quantification sought must delimit the types of independent and 

€pendent variables which are open to the theorist, and must influence 


» mentioned above must itself be regarded as 
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the theorist’s programmatic commitments towards achieving the measure- 
ment of these variables. ; 

An important dimension of variation among empirical functions might 
be loosely characterized as the generality of the relationship. This would 
refer to: (a) the range of “reductive symptoms” to which the inde- 
pendent and dependent variables of the function are reducible and for 
which the asserted relationship holds within “acceptable” probability 
limits, and (b) the range of variation in the empirical conditions, pre- 
sumably independent of the variables related by the function, over which 
the function holds. At least in psychological theory, a prime difficulty 
seems to be that the higher the “degree of quantification” of function 
forms attempted, the lower is the empirical generality of the function 
likely to be. At bottom, this inverse relation between degree of quanti- 
tative specificity and empirical generality is probably related to a failure 
to identify the “right” empirical variables (if there are “right” variables, 
in this sense, in psychology), and to the inappropriateness of the order 
of mensurability of these variables to the mathematical requirements of 
the function-specifications. Be this as it may, it is clear that the “quan- 
titative” behavior theorist must carefully balance the “level” of his 
quantitative intentions against the demand for empirical generality of 
functions. 

It will, of course, be seen that the problem of arriving at the specifica- 
tion of function forms is essentially the problem of postulate construc- 
tion, for the postulates are the “primitive” statements which assert 
functional relationships among the theoretical variables. Against the 
background of such problems as have been limned in above, the 
quantitatively oriented behavior theorist must make a set of difficult 
decisions about how best to arrive at his postulates. The language for 
talking about “techniques” of empirical postulate construction is as 
vague as current knowledge about such “methodology.” Two extremes on 
what is perhaps a continuum of possible approaches are roughly charac- 
terized as the “rational” (the thcorist’s “enlightened, best guess” as to 
the equation describing a relationship ai 
and the “empirical” 
tained values of an e 
experimental indepen 
“realizations” 
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cisely the same criterion as the rational equation—empirical test of its 
consequences. It is, of course, more than unlikely that an empirical 
equation will prove satisfactory without some degree of modification 
on a “rational” basis. It is, perhaps, even less likely that a “rational” 
equation will prove satisfactory without further modification in the light 
of its empirical consequences. 

A final point—which applies with peculiar force to Hull—is this. 
Should the theorist employ intervening variables, and should he assert 
the option of using “empirical” curve-fitting methods in order to “dis- 
cover” relations among them (or relations connecting intervenings with 
systematic independents and dependents), it becomes particularly im- 
portant that the intervening variables not be crudely identified with 
their “realizations” in terms of the specific experimental independent and 
dependent variables used to suggest their functional relations. In other 
words, in the case of intervening variables, it becomes especially unwise 
to transfer the obtained relationships from the experimental variables of 
curve-fitting experiments directly to the “corresponding” intervening 
variables. For the intervening variable functions," (if the use of inter- 
Vening variables is to serve any purpose) must express relationships of 
great generality. Such functions must, by definition, be far fewer in 
number than the total set of direct functional relationships between 
the systematic independent and dependent variables which could be 
presumed capable of generating the same set of deductive consequences. 
Intervening variable functions, therefore, must be gotten at by indirect 
means, if they can be “gotten at” at all. This means that a generous 
component of the “rational” must figure in the construction of “‘success- 
ful” intervening variable functions. And this necessitates, in turn, an 
€normous component of luck. : 

With these considerations in mind, we may now proceed to the dis- 
cussion of (a) Hull’s techniques for the measurement of independent and 
dependent variables, and (b) Hull’s methods for the construction of 
“quantitative” functions. 


a. Techniques for measurement of independent and dependent vari- 


ables. There is no question but that Hull’s intentions with respect to 
“level of quantification” of intervening variable functions were extremely 
bold. Although, in Pr.B., he was content to hold himself to the identifica- 
tion of equation types, both his stated aims and subsequent efforts (cf. 
Part II) make it quite clear that his sights were set on the specification 
of equation type together with estimates of parameters. This being the 
case, it was essential that the independent and dependent variables of 


Sees 
» is any functional relationship involving an 


u p 9 ; ; 
_ “An “intervening variable function’, u Í ; 
intervening variable as at least one of its terms, 1.€., a relation between independent 


and intervening variables, or intervening and intervening variables, or intervening 
and dependent variables. 
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the theory be susceptible to as close an approximation of fundamental 
measurement as possible. 

Hull nowhere gives explicit consideration to the mensurational status 
of his independent and dependent variables. It is clear, though, that Hull 
supposed his mode of identifying independent and dependent variables 
to be such as to insure, automatically, a “high” level of mensurability. 
For Hull represented his independent and dependent variables as being, 
or being reducible to, variables which have a well-defined mensurational 
status in physical science. This would mean that most of the empirical 
variables of Pr.B. could be regarded as ordered to “fundamental” or 
“derived” mensurational scales. 

That the preceding assumptions are wishful in the extreme requires 
no further documentation. We have seen, in the consideration of Inde- 
pendent and Dependent Variables (pp. 25-46, this report), the manifold 
deficiencies in their definitions. We already know that the independent 
and dependent variables as explicitly discriminated within the theory 
language are not, in general, the same variables as they function in 
data language reductions (S, R, W, w, and d are cases in point). We 
know, too, that within the theory language the same independent and 
dependent variable terms are often differently defined in verbal as 
against mathematical formulations of postulates, the glossary, and the 
text (e.g., G, w, A). We know that certain variables (notably, G) require 
further sub-specification into a collection of variables of different em- 
pirical significance and theoretical function. We know also that certain 
key empirical variables (e.g., R) have no unequivocal definition at all, 
quite independently of any of the complications mentioned above. 

It is, therefore, clear that, far from attaining mensurability of its 
empirical variables by “fundamental” or “derived” physical scales, the 
“theory” of Pr.B. has not succeeded even in identifying its empirical 
variables in a manner adequate to the theoretical objectives. Since, 
however, previous discussions of the status and mode of definition of 
independent and dependent variables have not been explicitly organized 
around the problem of conformity to physical measuring scales as such, 
it may be useful to consider the matter briefly at this place. 

No matter how charitably we adjust our interpretation of the con- 
fusing definitions of empirical variables to the theorist’s intention, and 
to the programmatic status of the theory, analysis will show that only a 
small subset of these variables can be regarded as measurable by physi- 
cal scales. In general, we can distinguish: 


(a) Empirical variables which seem legitimately measurable in terms 
of physical scales. 
(b) Empirical variables which are apparently measurable in terms 


of such scales, but which do not function, as so measured, within 
the theory. 
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(c) Empirical variables which are not, in principle, measurable in 
terms of extant physical scales. 


We restrict discussion to the presentation of a few instances of each class. 

(1) Physically measurable variables. Perhaps the only variables which 
claim this status are the group of time variables distinguished in various 
postulates, namely: 


t —“the duration of the delay in reinforcement” (p. 407). 


t —“degree of asynchronism . . . of Š and R when both are of brief 
duration” (p. 178). 
t’’—“duration . . . of the continuous action of Š on the receptor when 


R begins” (p. 178). 

t’”’"—“the duration in minutes following a sequence of unreinforced evo- 
cations of R during which neither reinforced nor unreinforced evoca- 
tions of R have occurred” (p. 408). 


If the assignment of numbers to physically discrete events belonging 
to a given class (“enumeration”) is regarded as a type of physical meas- 
urement, then the independent variable N, “the number of reinforce- 
ments,” and dependent variable n, “the number of unreinforced reactions 
required to produce . . - extinction,” may also be regarded as physically 
measurable. 

(2) Apparently physically measurable variables. We have seen that 
S is identified as physical “stimulus energy,” but that S does not neces- 
Sarily function in this way in data language reductions. As the “energy 
of sound, light, or heat waves, pressure, etc.,” S is, of course, measurable 
in terms of standard physical scales. Let us assume, however, that the 
discrepancy between the identification of S as physical energy, and its 
data language usage did not exist. Would S, as physically measurable, 
now function in a way which is adequate to the demands of the theory? 
The answer still seems to be, “No.” Postulate 1 links S to s with relative 
determinacy (if not correctness). Postulate 2, however, does not link 
s to § with sufficient specificity to get to § from S. But, by assampion 
of the theory, it is always ¥ which is the immediate “determiner of be- 
havior. Thus, S may be physically measurable, but the physical measure- 
ment of S functions (with respect to the theory) only as an indicator of 
the variable . Since the function relating g as indicator to š is not ade- 
quately specified, the fact that the “basic” independent variable S is 
Susceptible to physical measurement is not sufficient for the “secure 
anchorage” to the theory for which Hull aims. Since every independent 
variable of the theory is linked to @ corresponding intervening variable, 
and since all of the relevant functions can be shown to be insufficiently 
Specified or programmatic, & similar difficulty would hold for the other 
independent variables, even assuming that the variables, per se, were 
Physically measurable. Should this consideration be pressed, even the 
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time variables would have to be classified under this heading (i.e., they 
would be “apparently physically measurable,” but not as they function 
within the theory). : 

The basic dependent variable R is presumably physically measurable 
as “muscular, glandular, electrical” (p. 406) phenomena. And the four 
indices or “measures” of R (p, str, n and A) are given in terms amenable 
to physical mensuration. Let us neglect the fact that data language 
applications of R are not consistent with its definition as “muscular” 
movement, or “glandular” or “electrical” activity. Observe, though, that 
p, str, n and A are scaled in different and non-intertranslatable units 
which, whatever their status in physics, cannot function as R measures 
in any consistent way. Observe, further, that aside from any other limi- 
tation, these “measures” must remain apparent until adequate criteria 
for the delimitation of the R’s of which they are allegedly “measures” 
are provided. 

As a final example, we may cite the case of independent variable w, 
or “the magnitude of a reinforcing agent” (p. 408). Illustratively, Hull 
has equated this with the weight of food reinforcement. Illustratively, 
this is all very well. Recall, however, that w must represent quantita- 
tively the composite influence of the complex of factors associated with 
“quantity” and “quality” of reward. What the mensurational technique 
for determining this might be, Hull does not suggest. 

All of the dependent variables, and the vast majority of the independ- 
ent variables, of Pr.B. seem to fall into the present category, on one 
ground or another. 

(3) Variables not physically measurable, in principle. It is entirely pos- 
sible that, should the actual independent and dependent variables, as these 
function within the theory of Pr.B., be reconstructed from data language 
applications, and from definitions in use based on all relevant formulations 
in Pr.B., most of the variables would turn out to be not physically measur- 
able, in principle. Be this as it may, the theory contains one variable which 
is explicitly constituted as a variable not orderable to a physical scale. This 
is “d” which is introduced in the principle of stimulus generalization 
(postulate 5), and defined as “the number of j.n.d.’s lying between the two 
stimulus aggregates $ and S” (p. 403). Quite aside from the limitations in 
the adequacy of the suggested mensurational procedure to the role of this 
variable in the theory, we should note that d is a psychophysically scaled, 
not a physically scaled, variable. 

b. Quantitative function specifications and the technique of their 
construction. From the preceding discussion, it should be obvious that 
the “level of mensurability” of Hull’s independent and dependent vari- 
ables is not such as to justify the attempt to achieve any high level 
of specificity in the mathematical description of function forms. Yet, 
we already know that Hull’s intention in Pr.B. was to achieve a level 


CLARK L. HULL 71 


of quantification so demanding as the specification of equation type, 
and that even this was conceived as but the preliminary step to actual 
estimates of parameters. We know also, both from Hull’s metatheoreti- 
cal statements and from the form of the postulates, that the theory of 
P r.B. is intended as a theory of unrestricted generality offered as poten- 
tially adequate to the major phenomena of organismic behavior. In con- 
structing the functions asserted by the postulates of Pr.B., Hull was 
therefore setting himself the inordinately difficult task of combining 
a high degree of specificity with “maximal” empirical generality. Such 
an effort, of course, is necessarily doomed to failure in the present phase 
of psychology, and whether these objectives will ever become feasible 
1s an open question. That Hull did fall enormously short of these ob- 
jectives is shown in detail by our consideration of the “structure of the 
theory,” and, indeed, by the entire trend of the preceding discussions. 
At this place, we will be concerned primarily with Hull’s methods for 
Constructing quantitative functions in order to exploit Hull’s experience 
with such problems for any further insight this may yield with respect 
to general issues concerning the quantification of behavioral relation- 
ships. Before we proceed to this topic, it may be well to summarize from 
Scattered discussions the status of the function “quantifications” actually 
attained in Pr.B. pee fos s 

(1) Summary of the status of the function quantifications. A wide- 
Spread impression that the theory of Pr.B. provides “mathematical 
Statements for all postulates is incorrect. For three postulates (1, 2, and 
3) no “mathematical statement” is given. Of these, postulates 1 and 2 
(introducing the afferent impulse and afferent interaction, respectively) 
Would demand quantitative specification of the functions, if the theory 
Were to become truly quantitative (at any level). For two postulates (11 
and 16) the so-called “mathematical statement” represents a translation 
of the verbal formulation into symbolic logic. Postulate 11 (on the 
Teaction threshold) does not necessarily demand further mathematiza- 
tion. Postulate 16 (on incompatible reaction potentials) is admittedly 
a simplification in its present form, and would demand quantitative 
Specification, if the theory were to become adequately quantitative. Thus 
Ve postulates in all are not given quantitative specification. i 
_ The remaining eleven postulated “mathematical statements” are equa- 
tions specifying various function forms. The most frequently occurring 
function forms are linear and exponential (of the positive and negative 
“growth” type). No values are specified for the “empirical constant” 
terms which occur in these equations. There is no discussion of the 
Significance of such “constants,” their intended generality, ete., nor is 

ere any attempt to specify general procedures for obtaining the values 
Which must be substituted for these constants, if the equations are to 


© solvable, 
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All intervening variable symbols which occur in these equations 
designate constructs ordered to purely programmatic scales, having no 
empirical significance. Thus, no empirically meaningful values can be 
substituted for these variables. 

If we recall the manifold definitional and mensurational inadequacies 
of the systematic independent and dependent variables, it becomes evi- 
dent that significant substitutions cannot be made for these classes of 
variables, cither. 

Taking all the above circumstances together, it is obvious that the 
“quantification” of Pr.B. is, in every discriminable respect, program- 
matic and empirically empty. At best, the postulates of this theory can 
permit only qualitative, “more or less” derivations. Any manipulation of 
numbers according to these rules must be an indeterminate manipulation 
of empirically meaningless numbers for illustrative purposes. 

(2) Methods for constructing “quantitative” functions. We have already 
seen that, in general, Hull relies on empirical curve-fitting techniques in 
the construction of the function forms which enter the postulates. The 
data used for such purposes derive from (a) already available experi- 
ments selected by Hull as the inductive source for a given postulate (and 
often subjected to various transformations in order to make the data 
suitable for curve-fitting), and (b) “curve-fitting” experiments specifi- 
cally designed by Hull in order to supply relevant material for quanti- 
fication. Mere recognition of Hull’s reliance on empirical equation-fitting 
techniques, however, tells us little about his response to the manifold 
problems of function quantification. In the following discussion, we must 
inquire into the detailed role of Hull’s empirical equation-fitting pro- 
cedures within the total context of his methods of working towards a 
quantitative theory of high generality, adhering to the independent, in- 
tervening, dependent variable paradigm. 

We noted that, if one seeks a theoretical function of high empirical 
generality, this entails (a) that the theoretical variables related by the 
function be linked to a “rich” plurality of reductive symptoms (i.e., 
potential experimental variables), and (b) that the function factually 
hold over a wide range of empirical conditions presumed to be independ- 
ent of the variables related by the function. A purely “positivistic” 
theory would proceed to identify a set of systematic independent and 
dependent variables and investigate the laws of their relationship. Such 
laws could conceivably vary greatly in “generality,” depending on the 
range of reductive implications (empirical “richness”) of the variables, 
and the range of empirical conditions for which the function holds, as 
previously indicated. Thus, even the “positivistic” theorist, if he were 
to construct his laws by equation-fitting techniques, could not merely 
proceed to transfer a function form fitted to any single experimental 
“realization” of his theoretical variables, to the theoretical variables 
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themselves, and at the same time count on any useful degree of gener- 
ality in the resulting law. It is obvious that “generality” could be claimed 
only to the extent that the function were subsequently verified in a 
variety of experimental “realizations.” The positivistic theorist, however, 
may presuppose a close parallelism between the function forms exhibited 
by any given empirical “realizations” of theoretical variables whose re- 
lation is under scrutiny, and the theoretical function form. This being the 
case the results of empirical curve-fitting may be used in a relatively 
direct way, either for suggesting a theoretical function form, or for test- 
ing a theoretical equation which was rationally assumed. 

A problem of a very different order arises for a theorist who wishes 
to attain the degree of “generality” made possible, at least in principle, 
by the use of intervening variables. Such variables are, by definition, 
indirectly “inferred” constructs, the use of which is calculated to mini- 
mize the number of postulated functions necessary to generate a given 
set of empirical consequences. Presumably, a markedly greater number 
of positivistic (independent-dependent variable functions) would be 
necessary to mediate the same range of empirical consequences. By 
definition then, there can be no direct parallelism between a theoretical 
function containing an intervening variable as (at least) one of its terms, 
and any experimental “realization” of that function. One way of ex- 
Plicating the rationale for this may be as follows. 

positivistic law asserts a relationship between variables, the re- 
uctive “symptoms” of which are sets of experimental independent and 
dependent variables. The variables of a “positivistic law” can be placed 
m correspondence to experimental independent and dependent variables 
ìn simple one to one fashion. Intervening variable functions are related 
to experimental relationships in another way. They are “elements” ana 
function chain which links systematic independent variables initially 
to intervenings, and then to dependent variables. The entire chain is 
presumably capable of generating consequences which may be placed 
M correspondence with experimental independent and dependent varja- 
es. But no single function in the chain can be ordered to a given 
experimental relationship. There is no variable in the experiment that 
e correspond to the inferred construct that is the intervening vari- 
able, 

From the above considerations, it is evident that intervening variable 
functions cannot be constructed via any purely “empirical” method of 
function fitting. The construction of intervening variable functions must 

nen depend on a set of rational best guesses. Such guesses must, to be 
Sure, be guided by the theorist’s estimate of the possibilities that the 
81Ven function taken together with the others in the theory will be capable 
of Senerating consequences which agree with available empirical evidence, 

ut these “guesses” cannot, in the nature of the case, be uniquely deter- 
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mined by the available evidence. The “invention” or “intuition” of suc- 
cessful intervening variable functions is, of course, a central context 
in which theoretical creativity may be manifested. The great creative 
theoretical insights in the history of science consist precisely in such 
felicitous “perceptions” of the “intervening variable functions” which 
can unify an extensive range of empirical relationships. These consider- 
ations have not always been recognized by psychologists who advocate 
theories which employ intervening variables.® 

It is to Hull’s credit that he recognized the difficulties of inferring 
intervening variable functions from empirical relationships, even if he 
did not achieve a methodology capable of resolving these difficulties. In 
Pr.B., the response to these difficulties was faltering—incorporating 
joint elements of arbitrariness, inconsistency and programmaticity. We 
will see, in Part II of the report, that the attempt to grapple with these 
intricate issues in a determinate way was central in the final phase of 
Hull’s career. 

An empirical theory which employs intervening variables must, of 
course, contain three classes of intervening variable functions. These 
are functions relating (a) independent and intervening variables, (b) 
intervening and intervening variables, and (c) intervening and depend- 
ent variables. In order to reconstruct the methodology of function con- 
struction of Pr.B., it will be instructive to examine Hull’s procedure in 
arriving at the critical independent-intervening variable relation of the 
theory—the relation of sHp to “the number of reinforcements,” N. 

Hull begins with the observation that “habit strength cannot be 
determined by direct observation, since it exists as an organization as 
yet largely unknown, hidden within the complex structure of the nervous 
system” (p. 102). He points to the difficulty in determining the functional 
relationship between variables, when one of the variables “under investi- 
gation is a logical construct, and so is neither observable nor directly 
measurable” (p. 113). The “strength of a receptor-effector connection 
can,” therefore, “be determined . . . only indirectly” (p. 102). “There 
are,” however, “two groups of such observable phenomena associated 
with habit: (1) the antecedent conditions which lead to habit formation, 
and (2) the behavior which is the after-effect or consequence of these 
antecedent conditions” (p. 102). 

Hull then cites four studies which he deems relevant to the relation- 
ship of habit strength and number of reinforcements. Each of these 
studies presumably explores this relationship in terms of different mani- 
festations of habit strength. They are: 


(a) Amplitude. Hovland’s (25) determination of amplitude of con- 
ditioned G.S.R. as a function of the number of reinforcements. 


* Tolman, for instance, has consistently overlooked these problems both in 
general discussions of intervening variables, and in his own theoretical constructions. 
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(b) Latency. Simley’s (112) determination of syllable reaction laten- 
cies (to nonsense characters) as a function of trials of practice. 
(c) Resistance to extinction. Williams’ and Perin’s (103, 142) data 
for the number of extinction reactions as a function of number of 
reinforcements. 
Probability (percentage of correct response evocations). B. I. 
Hull’s determination of percentage of occurrence of correct bar 
responses (directional movements of a pivoted Skinner box ma- 
nipulandum which can be moved in four directions) as a function 
of “successive hundreds of responses.” 


In cases (a), (b) and (c), fitted curves are presented, (a) and (c) 
being “growth functions,” and (b) the reciprocal of a growth function. 
No equation is presented for the data of (d). 

Taking his “point of departure from extensive observations in the 
field of habit formation typified by the experiments which yielded” the 
data of (a), (b), (c) and (d), Hull concludes that: 
of the number of reinforcements. 
f physiological limit beyond which 


(d 


© 


1. Habit strength is an increasing function 
2. This function increases up to some sort 0 
no more increase is possible. 
_ 3. As habit strength approaches this p 
Inforcements the increment (A sHp) resu 
ment decreases progressively in magnitude (pp. 113-114). 


hysiological limit with continued re- 
Iting from each additional reinforce- 


Hull continues: 


Now, there are numerous algebraic expressions which yield results conforming 
to the above specifications. One of these, however, has a rather special promise 
because it is known to approximate closely a very large number of observable 
empirical relationships in all sorts of biological situations involving growth and 
decay, Indeed, Figures 21, 22, and 23 are all cases in point. [The reference here 
is to the figures presenting the data for (a) (b) and (c) above.] The basic 
Principle of the simple positive growth function . . . is that the amount of 
growth resulting from each unit of growth opportunity will increase the amount 


of whatever is growing by a constant fraction of the growth potentiality as yet 
Unrealized (p. 114; brackets mine). 


The above constitutes Hull’s rationale for assuming the growth hy- 
Pothesis as to the relation of sz and N. Note that Hull begins with 
explicit recognition of the difficulties involved in the indirect inference 
of the functions linking “amnobservables” (i.e., intervening variables) to 
their “observable” determinants (i.e, systematic independent variables). 
He then proceeds to take four selected examples of functional relation- 
Ships between the “directly measurable” antecedent (N) and consequents 

» str, n, p) of his inferred intervening variable (sHp). To three of 
these relationships, curves are fitted which turn out to be growth 

Unctions, From these empirical materials, Hull goes on to hypothesize 
the conditions which the theoretical function linking sHr to N would 
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have to satisfy in order to generate the observed relationships. These 
specifications turn out to represent a set of conditions compatible with 
the properties of “numerous algebraic expressions.” “One of these, how- 
ever, has a rather special promise” because of its approximation to 
empirical growth and decay relationships “in all sorts of biological situ- 
ations.” And so we come out with a growth relationship. From the em- 
pirical data on which a growth relationship is imposed, we make our 
“indirect” inferences about the function defining our “unobservable” 
intervening variable, and, by a curious circularity we come out with 
what?—a growth function. 

Be this as it may, Hull, on the basis of the above analysis, advances 
his theoretical equation for gHp as a function of N (p. 119): 


3Hr = M — Me™ 


where M = 100, N is the number of reinforcement repetitions, e is 10, and , 


7 1 
t= log ie 


where F is the reduction constant. . . . 

Since the fitted equations for (a) (amplitude) and (c) (number of ex- 
tinction responses) are growth functions, this procedure results in linear 
relationships as between sHp and the two response variables. In the 
case of (b) (latency), the empirical “equation represents the reciprocal 
of a slightly complicated positive growth function” (p. 121). In this case, 
therefore, the relation between sH,z and str, on the assumption of the 
theoretical (non-complicated) growth relation between sHr and N, 
turns out to deviate from linearity in the direction of slight negative 
acceleration (cf. pp. 336-337). 

Whatever the ambiguities in Hull’s discussion of the sHr-N function, 
two things can be said with confidence: (1) Hull was distinctly aware 
of the illegitimacy of directly transferring functions fitted to experimen- 
tal independent and dependent variables, to an intervening variable 
function relating a systematic independent and an intervening variable; 
(2) he develops a confusingly mixed argument, based both on rational and 
empirical considerations, for assuming an intervening variable function 
which does mirror the characteristics of the empirical function used as 
the induction base. 

At bottom, this inconsistency probably derives from the fact that 
Hull recognized the difficulties involved in the construction of interven- 
ing variable functions for a comprehensive theory, and yet wished some- 
how to push on to such a theory despite these difficulties. If the recog- 
nition that only a primarily rational approach could mediate the 
construction of intervening variable functions were implemented, this 
would entail resignation to the fact that a comprehensive behavior theory 
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can only be worked towards very modestly, if at all; that, indeed, a general 
theory of behavior of the “intervening variable” variety is enormously 
out of reach. Hitting on “fruitful” intervening variable functions, even 
with respect to the systematization of narrowly delimited empirical do- 
mains, must in the present phase of psychology involve an immense 
element of luck, and “luck” of this order cannot be expected to emerge 
without an immense sequence of “rational” hypothesis formation and 
adjustment in the light of indirect empirical consequences. 

It would clearly be much to the interest of a theorist with Hull's 
ambitious intentions, if intervening variable functions could, neverthe- 
less, be located in a relatively immediate way from empirical data. Thus, 
Hull’s response to this intolerable dilemma seems to have been to look 
for (or create) rational grounds for legitimating the assumption of a 
close correspondence between theoretical construct relations and the 
Variables in curve-fitting experiments. Such grounds could be provided, 
if certain very simple relations were assumed to hold between the inter- 
Vening variables and certain of the dependent variables (i.e., response 
Measures) of the theory. For, if these relations are sufficiently straight- 
forward, then the results of appropriate curve-fitting experiments, de- 
Signed in terms relevant to the theoretical dependent variables, could 
be used to suggest construct interrelations in a relatively direct way. 
The simplest expedient would be to develop rational grounds for assum- 
ing that the basic intervening variable of the theory (sHr), and the 
intervening variable chain related to it, were connected to the inde- 
Pendent variable N by a function having the same form as the empirical 
learning curves relating N to at least a subset of the dependent variables 
of the theory. If this assumption were made, then a linear relationship 
Would obtain between sHp (and thus the terminal intervening variable 
of the chain, sĒr) and the dependent variable measures in question. 

his is precisely what Hull seems to have done in positing that sHx is 
Telated to N, according to a function having the same form (growth) 
as that relating A to N and n to N.1 . 

t this point in the argument, it perhaps looks as if the basis for Hull’s 
choice of the growth relation between sHr and N was empirical, rather 
han rational. But now an additional consideration must be introduced. 

© one, including Hull, would argue that all empirical learning curves 
conform to a growth function. Nor is it necessarily the case that any 
Slven set of extant learning data, including the data chosen by Hull, 
is best fitted by a growth function. There is always an element of 
arbitrariness in curve-fitting procedures, and, as we will later have oc- 
SS, 


wy, - 
ma ìs significant to note that most of the experiments specifically designed by 
utili (ana collaborators) to suggest construct relations for the theory of Pr.B. 
Sa z the two dependent variable measures—n and A—which presumably have 
near relationship with sHa. 
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casion to note, the arbitrariness is rather pronounced in many of Hull’s 
“fits.” It seems fairly definitely the case that Hull assumed, on the basis 
of rational considerations similar to those adduced in the passages 
quoted above, that the growth relation is the type of function best geared 
to the conceptual requirements of a construct like sHr (and other 
“learning” variables). Our point, then, is that Hull did not assume the 
growth relation between sHp and N because this was the function that 
best fitted the Hovland and Perin-Williams data, but rather that the 
design of these studies and the mathematical treatment of the data 
reflected the prior growth function assumption. Thus, the most reason- 
able interpretation of the sHr-N function is that it is primarily “ra- 
tional” in origin. 

A corollary to the above analysis is that, once the growth relation 
between sHp and N enters the theory as a rational component, it be- 
comes “permissible” to construct all other “mathematical” intervening 
variable functions, with the exception of the terminal linkages between 
slp and the dependent variables, by the direct transposition of function 
forms fitted to experimental data. In other words, the single “rational” 
component of the theory is so chosen as to permit a reliance on empirical 
procedures of function induction with respect to most of the remaining 
components of the theory.17 In line with this, it is significant to note 
that in discussing the rationale for all further “quantitative” intervening 
variable functions preceding the dependent variable linkages Hull does 
not, on a single occasion, question the practice of directly transforming 
empirically fitted curves into relationships among “unobservables.” -The 
uniform procedure becomes that of selecting or designing an experi- 
ment, the independent variable of which is presumed to correspond to the 
antecedent theoretical variable under consideration, and the dependent 
variable of which corresponds to the consequent theoretical variable. 
To the experimental data is fitted an equation, and the form of the 
resulting equation is then transposed (minus parametric values) to the 
intervening variable function under construction. 

A case in point is provided by the very next intervening variable fune- 
tion that Hull considers after the introduction of sHp as a function of N. 
This is, “Habit Strength as a Function of the Nature and Amount of the 
Reinforcing Agent” (w) (Chapter IX, pp. 124-134). It may be instruc- 
tive to summarize the high spots in the discussion. 


1 When the sHr-N function is referred to as the “single rational component of 
the theory,” the reference is to the mathematical intervening variable functions, or 
which “equations” are asserted. As already indicated, there are several postulates 1” 
the set—e.g., postulate 2 on “neural interaction,” postulate 3 on sUr, postulate 
on the “reaction threshold”—which are given only verbal, “qualitative” formulation- 
In some broad sense of the term, these postulates may be said to be based 02 
“rational” considerations, but not in the sense in which a distinction is made be- 
tween “rational” versus “empirical” equations. 
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a) The data chosen as induction basis for this relationship derives 
from Grindley’s experiment (16) on the speed of runway traversal of five 
groups of chicks rewarded with 0, 1, 2, 4, and 6 grains of boiled rice, 
respectively. Grindley plotted learning curves for the five groups in terms 
of 100 x the reciprocal of the running time. From measurements made 
on Grindley’s published graphs, Hull computed the “mean score at the 
last 5 of 7 trials” (p. 126) for each group. To these data, Hull fitted a 
growth function. This, despite the fact that the plots for the four groups 
which received reward seem arrayed in a perfect straight line (cf. Fig. 28, 
p. 126). 

b) Hull then decides, on grounds which seem thoroughly arbitrary, that 
the amount of the reinforcing agent influences the asymptote of the sHr 
peti rather than the magnitude of the growth constant (F ) (pp: 127- 

8). 

c) The hypothesis about the influence of “quantity of the reinforcing 
agent” on sHp is then extended to the influence of quality of reward, with 
only a bare and question-begging attempt to indicate the grounds for 
this extension (pp. 128-129). 

From such considerations, it is concluded that (p. 128) : 

++. the limit (M' it strength . . . attainable with unlimited number 

of A cde pee ete function of the magnitude of the agent 
employed in the reinforcement process. 
The “magnitude of the agent” here refers both to “quantity” and “qual- 
ity.” To be entirely fair, Hull indicates that the hypothesis ‘Gs based on 
admittedly inadequate grounds” (p. 128). Yet this function enters into the 
critical principle of reinforcement as one of the four basic sub-functions 
constitutive of gHr. Note, though, that in this case, Hull transfers a 
function “fitted to experimental data” (and a very crass fit to very 
questionable data) directly to an intervening variable function without 
considering at all the legitimacy of such an identification. S 

It would be boresome to spell out further examples of this practice of 
constructing intervening variable functions directly ; from empirical 
materials, A characteristic example of the intervening-intervening vari- 
able type is provided by the construction of postulate 7 from the Perin- 
Williams data. As we already have seen (cf. pp. 22-24, this report), the 
Procedure here was to set the experimental variables, “number of 
Skinner box reinforcements” and “number of hours of food privation,” 
into correspondence with sHr and D, respectively, while “number of ex- 
tinction responses” was ordered to sn. An equation was then fitted to the 
joint functional relationships between the two antecedent experimental 
variables and the experimental dependent variables. The form of the 
resulting funetion was then transposed to the theoretical constitution of 
sEr by sHp and D. 

When Hull arrives at the ostensibly difficult task of relating the terminal 
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intervening variables (sp and sEr) of the theory to the systematic 
dependent variables, he is able to make capital from the fact that these 
functions were already, as it were, “built in” to the theory via the nature 
of the original sHr-N assumption. The critical supposition mediating the 
construction of the four functions relating reaction potential to p, str, 
n and A (postulates 12-15, p. 344) is as follows: 

Since reaction potential is a joint multiplicative function of habit strength and 
drive . . . , it follows that so long as drive remains constant, reaction potential 
will also closely approximate a simple growth function of the number of re- 
inforcements (p. 326). 


It thus becomes possible to analyze equations fitted to empirical learning 
curves into two components, one a growth function relating reaction poten- 
tial (sEr or sr) to N, and the other the residual function relating reaction 
potential to each of the response “‘measures,” in precisely the same way 
that the learning curves cited in connection with the sHpr-N function (pp. 
120-122) were analyzed. As a matter of fact, for three of the functions— 
those relating sp and str, n, and A, respectively—the same learning data 
as those used in the sr discussion are analyzed. The relationship of reac- 
tion potential to p (probability of reaction evocation) is derived, not from 
an empirical curve, but from a theoretical curve (quasi-ogival in form) built 
up by combining the growth hypothesis of sZp as a function of N with 
the Gaussian sOr function (postulate 10), together with the assumption of 
the existence of the reaction threshold (sr). In the first three cases, the 
procedure in deriving the dependent variable linkages is simple, consisting 
essentially in the substitution of sr for the growth expressions which are 
present in the empirical equations fitted to the learning data in question. 
Since the fitted equations contain a number of empirical constants which 
are independent of the growth expressions, these are retained as parameters 
of the resulting equations linking sZz to the various response measures. 
In the case of the sEr-p function, no problem arises in making it give 
forth precisely what was put into it. The theoretical curve (p. 331) is a 
synthetic composite of a growth function (for sp) with a normal prob- 
ability function (for sOr), to represent dispersions of sEr, at different 
N values, above the reaction threshold (sLr). From this, it is an easy 
matter to derive that p “is a normal probability (ogival) function of the 
extent to which the effective reaction potential (sr) exceeds the reaction 


threshold (sLr)” (p. 344). 

The trend of the preceding discussion has been to suggest that Hull’s 
approach to the demanding problem of “inferring” intervening variable 
functions was: (a) to recognize that such functions could only be con- 
structed by “indirect” rational means, and (b) to develop a pat, arbitrary 
and over-schematic “rational” basis (the N-sH,-response variables anal- 
ysis) which, nevertheless, “legitimated” direct reliance on empirical 
procedures for the construction of the majority of functions in the theory- 
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Remember that the basic objective behind the entire problem was to at- 
tain a set of laws approximating “maximal” empirical generality and 
quantitative specificity, for a comprehensive theory of behavior. We al- 
ready know that, no matter what the adequacy of Hull’s methods of 
function construction, such an objective was entirely out of reach. Not 
the least of the reasons for this derives from the manifold definitional 
and mensurational inadequacies of the systematic independent and de- 
pendent variables previously noted. It is now clear that Hull’s actual 
method of function construction—which in effect equates intervening 
variables (and systematic independents and dependents) with experimen- 
tal variables—further curtails any remote possibility that quantitative 
laws of wide generality could be attained. Nevertheless, suppose for the 
sake of argument, that Hull’s use of empirical curve-fitting procedures 
was an entirely acceptable route to the specification of intervening vari- 
able functions. It then becomes necessary to enquire into the adequacy 
both of the curve-fitting procedures, and the experimental data to which 
they are applied. Accordingly, we conclude the present section with a 
ew summary remarks about (a) the characteristics of the data used for 
quation-fitting, and (b) goodness of fit. 

a) There is much evidence to suggest that the data chosen for curve- 
fitting are highly “selected” (cf. 81, 92, 105, 108). Relevant experiments 
Seem chosen largely in terms of coincidence with prior assumption, or 
amenability to some kind of curve-fitting determination. Contrary find- 
mgs (e.g, “intermittent reinforcement,” “latent learning”) are often 
ignored. Restricted subsets of the data of a given experiment are some- 
times chosen, For instance, the Simley rote learning data employed in the 
Construction of the sHpr-N function, derived from one subject. Some- 
times, as in the case of the Grindley data, use is made of measurements 
aken from crude curves rather than reported measurements. On occasion, 
data derived from subjects under different experimental conditions, and 
of questionable comparability, are combined in the same averages. For 
Instance, the data to which the S-R asynchronism function (for the 
delay” case) is fitted, consists of the combined per cent CR values taken 
from two animals trained under different conditions in the Kappauf- 
Schlosherg experiment (82). In this case, too, the measurements were 
determined from published graphs. Again, it is not generally recognized 
that the four groups of animals of the Williams study (142), and the 
eight groups trained by Perin (103), which together comprise the basis of 

€ very important Perin-Hull equations (postulate 7), were subjected 
to distinctly different experimental routines. Over and above these limita- 
tions in the data used for curve-fitting, is Hull’s consistent failure to give 
adequate concern to the generalization ranges within which the empirical 

ndings may rationally be expected to hold. 

b) Itis hardly necessary to mention Hull’s widely recognized tendency 
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to fit equations projectively rather than objectively. The number of data 
plots is often dangerously small. It is rare that more than four or five 
data plots are used for the determination of a given function. The 
Mowrer-Jones curve for the number of extinction responses as a function 
of grams of lever pressure (p. 280), which provides the basis for one of 
the major assumptions relevant to inhibition (Îr as a function of W), 
contains only three data plots. Further, the data points, whether they be 
many or few, are not always judiciously distributed over the range of the 
function. In particular, sometimes limiting or extreme values are omitted, 
at the risk of highly misleading extrapolations (e.g., Perin’s extrapolated 
resistance to extinction values for “zero” food privation, cf. 87, p. 109). 
Finally, a cursory running of the eye over the many graphs of fitted 
functions in Pr.B. will provide a crude but revealing index of the extent 
to which the equations actually generate values which conform to the 
plotted data points, such as they are. 


3, Techniques of Derwation 


Taking Hull’s theoretical efforts as a whole, it can unquestionably be 
said that he has made the most intensive and persistent attempt of any 
learning theorist to achieve rigorous and explicit derivation. Nevertheless, 
as in the case of the discussion of “explicitness of axiomatization,” it is 
necessary that we conduct our inquiry on a less relative scale. 

There is, of course, a direct tie between explicitness of axiomatization 
and explicitness of the derivations which the “axioms” can mediate. Thus, 
our discussion of Hull’s “explicitness of axiomatization,” together with 
the manifold preceding considerations concerning the “axiomatic” struc- 
ture of the theory of Pr.B., should provide a voluminous definition of 
the limits within which “derivations” are feasible. In this section, we will 
supplement these considerations with (1) a brief resumé of the charac- 
teristics of the “derivations” in formulations preceding Pr.B., and (2) the 
derivational procedures of Pr.B. 

a. Derivations in Pre-Pr.B. formulations. Hull’s early theoretical arti- 
cles are notable for clarity of exposition, and the detail in which the 
attempt is made to indicate the consequences of the assumptions being 
explored. The exploration, however, is conducted informally. No claim 
is made that “deductions” have been carried out with a full exhibition of 
mediating steps or that all of the assumptions have been made explicit. 
Rather, “deductions” are put forward as the “kind of thing” that would 
follow—given the major assumptions under exploration—under such and 
such conditions. The “conditions,” in turn, may be exemplary or hypo- 
thetical, or they may be conditions actually realized in previously per- 
formed experiments, or realizable in experiments to be performed. 
Assumptions are stated qualitatively, and “deductions” are also qualita- 
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tive. Ad hoc quasi-mathematical assumptions are often, but overtly, 
made in operating with the hypotheses being explored. 

In the case of such “miniature systems” as the 1935 system on rote 
learning (39) and the 1937 “adaptive behavior” development (42), an 
attempt is made to spell out the main steps of the derivations. In these 
cases, too, postulates and derivations are qualitative. Formal, verbal 
definitions are given for the major terms. Step by step derivations are 
aided by diagrammatic and arbitrary pseudo-mathematical illustrative 
devices. “Degree of formality” (rigor, explicitness) of derivations falls 
far short of what would be requisite in a formalized system, but is far in 
excess of the expository procedures of other learning theorists. 

The derivations in the 1940 rote learning systematization (51) show 
perhaps the greatest degree of rigor and explicitness of any formulation in 
Psychology. The possibility of achieving this level of explicitness and de- 
tail appears to result from the restriction of the theory to a limited empiri- 
cal domain, and one in which the variables are highly controllable and 
manipulable. 

_b. The derivational procedures of Pr.B. We have developed many con- 
siderations which must imply that “derivation” in any strict sense is im- 
Possible within the theory of Pr.B. Among them are: the ambiguities in 
the independent and dependent variable identifications, the vagueness in 
the postulate formulations, the relational lacunae and indeterminacies 
mM construct inter-connections, the programmaticity of the intervening 
Variable “units,” and the mensurational deficiencies of the systematic 
empirical variables. Any attempt to “solve” the equations represented 

Y the postulates, for any given set of empirical conditions, must depend 
on a series of “as if” assumptions about the necessary substitutions for 
Systematic independent variables, empirical constants and prior interven- 
mg Variables, which can have only illustrative significance. The absence 
of formal explicit and operational definition, and of rules of inference, 
Would alone preclude explicit logical derivations, while the programmatic- 


tty and incompleteness of the quantification would certainly prohibit 


"orous mathematical derivations. . ; 
t is fair to note, however (as we did once before), that the intention of 
T.B. is not to carry out any marked number of derivations, or even to 
Provide all necessary conceptual tools for strict logico-mathematical 
€tivation, but to concentrate on the formulation and explication of a 
entative postulate set for a comprehensive theory of behavior. Neverthe- 
EBS, considering the postulate set of Pr.B. even as a tentative axiomatic 
component (minus formal explicit and operational definitions) of a 
Potential formal theory, there still remains good reason to believe that 
derivations of a high degree of determinacy could not be achieved, if the 


Potential theory reflected many characteristics of the actual one. 
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The above comments are not intended to suggest that the theory of 
Pr.B. is any the worse off with respect to potential derivational rigor than 
are alternate behavior theories. But, as in the case of so many other 
issues having to do with hypothetico-deductive status, it is necessary to 
separate Hull’s metatheoretical statements about the status and objec- 
tives of the theory from the actual status of the theory. 

Despite the concentration on the discussion of postulates, Pr.B. includes 
a “random sampling of some fifty or so secondary principles (corollaries) 
. . . given chiefly for purposes of illustrating the meaning of the primary 
principles” (p. 398). These represent Hull’s estimates of certain of the 
more direct and/or important consequences of the postulates of Pr.B. 
Certain of these “corollaries” represent sequences of consequences medi- 
ated primarily by key postulate “clusters” of the theory (e.g., the 
twenty-two corollaries of the inhibition assumptions in Chapter XVI, 
the twelve corollaries of the “primary motivation” postulates in Chapter 
XIV), while other corollary sequences represent attempts to mobilize all 
relevant postulates of the theory on key empirical problem areas (e.g., 
the eight corollaries on stimulus “patterning” in Chapter XIX). It may 
be useful to consider summarily the status of these corollaries. 

In general, nothing approaching formal or even highly explicit informal 
derivation is attempted. The procedure, in most instances, involves a 
verbal indication of what should follow when certain postulates are taken 
in conjunction with hypothetical sets of empirical conditions, or empirical 
conditions corresponding to previously reported experiments. It is im- 
portant to recognize that the corollaries can be no more “genuinely” 
quantitative than the postulates which are believed to generate them. 
Many of the corollaries are “qualitative” consequences which follow, 
for given conditions, from the general function forms assumed by the 
postulates (taken singly or in combination). Others, however, are “de- 
rived” via sheerly arbitrary settings of the empirically empty variables 
in the postulated equations, and as such cannot be regarded as generated 
by any explicit part of the theory. Usually, when this is done, the values 
substituted in the equation, are chosen in such a way as to fit the require- 
ments of the hypothetical or known empirical phenomena under analysis. 
It must be emphasized that most of the more conspicuous “tours de force” 
among the “corollaries” of Pr.B., such as the sequence on stimulus pattern- 
ing (pp. 358-372) are “derived” in this ad hoc fashion. Indeed, in the 
theory of Pr.B., the line of demarcation between “derivation” (at any 
level) and illustration is somewhat blurred. 

A special class of ad hoc “derivations” within the theory of Pr.B. 
seems to stem from the occasional covert use of the empirical constants 
present in empirical equations used to suggest construct interrelations. 
It will be recalled that Hull meticulously avoids the insertion of such 
parametric values into postulates. Corollaries which presuppose such 
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empirical constants, then, cannot be regarded as consequences of the 
theory, but only as implications of empirical equations which are outside 
the theory. For instance, corollary II in the analysis of “primary moti- 
vation and reaction potential” (p. 247) states that: 

When primary drive strength (D) is zero, reaction-evocation potential (sZz) 
has an appreciable but relatively low positive value which is a positive growth 
function of the number of reinforcements. 

This corollary could not conceivably follow from postulate 7 (p. 254) 
which asserts merely that: 


sEr = f (slr) x f(D). 


It can, however, follow from the concrete details of the equation fitted 
to the Perin-Williams data (p. 255), or from a set of assumptions—the 
“quantitative derivation of sEr from sHr and D” (cf. pp. 242-247)— 
arbitrarily adjusted to the content of this equation. The presence in 
the theory of Pr.B. of such “corollaries” adds another dimension of 
ambiguity to what the “postulates” of Pr.B. assert. ; 

It should be added that the complexity and detail of the formulations 
at certain points can tend to obscure soft area in alleged “derivations.” 
For instance, the “quantitative derivation of sEr from sHpr and pr 
alluded to above, represents an elaborate ad hoc attempt to reproduce 
the details of the Perin equation from a combination of the prior as- 
sumptions of the theory (postulates 4, 5, and “major corollary” 1) 
together with postulate 7. From arbitrary mathematical settings of 

ese assumptions, a table is constructed purporting to represent theo- 
retical values, at various N’s, for: (1) the habit strength mobilized by 
the drive stimulus, (2) the habit strength mobilized by non-drive com- 
Ponents of the stimulus complex, and (3) the multiplicative effects of 
certain drive strengths on the physiological summation of (1) and (2). 

ll this is very impressive, but an entire column of values in this table 
(Col. 4, Table 5, p. 243) presents substantial positive values for the 
habit strength loadings of an absent (zero drive strength) drive stimulus 

all numbers of reinforcements greater than zero. 

espite difficulties of the sort mentioned above, and the gap between 

© “derivations” of Pr.B. and strict formal derivation, it would be unjust 
Not to underline in this section the great distance between Hull’s efforts 
the exploration of theoretical consequences and conventional practice 
among recent theorists. After all, “derivations” can be no more explicit 
an the theories which generate them, and theories can rarely be as 
ull or explicit as the desires of the theorists who generate them. Perhaps 
rhe most impressive and consistent quality in Hull’s work may be seen 
im the ingenuity and range of the attempts to explore the consequences 


“Consult (88) for a detailed discussion of related issues. 
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of his hypotheses. In the early stages of the development of a theory, 
such explorations of the deductive potentialities of incompletely deter- 
minate initial hypotheses, even when the “deductions” involve ad hoc 
supplementation, is essential. Hull demonstrated great brilliance in this 
regard in his early theoretical articles. In the ambitious rote learning 
system (51), he was able to demonstrate perhaps the closest approxima- 
tion to explicit derivations yet attained in a non-natural science theory. 
In Pr.B., the imaginative brilliance in the informal calculation of con- 
sequences which was evident in the early articles is somewhat submerged 
by the preoccupation with the explication of primary principles. Further, 
the status of “derivations” is confused by the nonfunctional quantitative 
trim and definitional vagaries of the postulates. Yet, even in Pr.B., the 
attempts to bring the principles to bear in a relatively detailed way on 
experimental issues still offer a refreshing contrast to the practice of 
many other recent theorists. 


D. EMPIRICAL CONTENT AND ADEQUACY 


So far in this report, we have concentrated on the stated objective of 
determining the systematic status of the theory of Pr.B. At many points, 
our inquiries into theoretical structure and methodology have involved 
necessary reference to matters of empirical content. And, at all points, 
our considerations of “formal” issues have had obvious implications for 
the evaluation of empirical adequacy. Any full or authoritative evalua- 
tion of the empirical adequacy of all hypotheses embedded in the formu- 
lations of Pr.B., or the fruits of Hull’s theoretical thinking generally, is 
not within the scope of this report. The function of the present, brief 
section is to bring together under a set of rubrics relevant to over-all 
questions of empirical adequacy certain clear implications of the previous 
analyses. In Part II, which carries the concern with Hull’s theoretical 
methodology into the later phase of his career, further consideration of 
matters of empirical adequacy will arise as we pursue the fate of the 
theory of Pr.B. The concluding remarks of Part III will also raise, at 
least superficially, issues having to do with the empirical fruitfulness of 
Hull’s contributions in general. 

In the following discussion, we will consider these characteristics of 
the theory of Pr.B.: (1) the range of data covered, (2) degree of con- 
firmation, (3) flexibility (in practice) with respect to empirical evidence, 
and (4) special virtues which may prove useful outside the context of the 
theory, as specified. 


1. Range of Data Covered 


By intention, Pr.B. is a tentative postulate set designed to account for 
the major phenomena of organismic behavior. The postulates are pre- 
sumed to represent the primary principles of a comprehensive theory, 
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conceived as a theoretical basis for “all the social sciences” (p. 398). A 
faint conception of the ambitiousness of Hull’s objectives may be de- 
rived from the following statements: 


The main concern of this work has been to isolate and present the primary 
or basic principles or laws of behavior as they appear in the current state of 
behavioral knowledge; at present there have been isolated sixteen such princi- 
ples. In so far as these principles or postulates are sound and sufficient, it 
should be possible to deduce from them an extensive logical hierarchy of second- 
ary principles which will exactly parallel all of the objectively observable 
phenomena of the behavior of higher organisms; such a hierarchy would con- 
stitute a systematic theory of all the social sciences. Considerable progress has 
been made in this direction [here there appear 28 bibliographical citations], 
though because of the limitations in available space only a random sampling of 
some fifty or so secondary principles (corollaries) is included in the present 
volume; these are given chiefly for purposes of illustrating the meaning of the 


Primary principles (p. 398; brackets mine). i k 
It is to be hoped that as the years go by, systematic treatises on the different 


aspects of the behavior sciences will appear. One of the first of these would 
naturally present a general theory of individual behavior; another, a general 
theory of social behavior. In the elaboration of various subdivisions and com- 
binations of these volumes there would develop a systematic series of theoretical 
works dealing with different specialized aspects of mammalian behavior, par- 
ticularly the behavior of human organisms. Such a development would include 
volumes devoted to the theory of skills and their acquisition; of communicational 
symbolism or language (semantics) ; of the use of symbolism in individual 
problem solution involving thought and reasoning; of social or ritualistic sym- 
bolism; of economic values and valuation; of moral values and valuation; of 
aesthetic values and valuation; of familial behavior; of individual adaptive 
efficiency (intelligence); of the formal educative processes; of psychogenic dis- 
orders; of social control and delinquency; of character and personality; of 
culture and acculturation; of magic and religious practices; of custom, law, and 
Jurisprudence; of polities and government; and of many other specialized be- 
havior fields (p. 399). 

An index to the claimed deductive accomplishments of the theory of 
Pr.B. is suggested by Hull’s statement above that “considerable progress 
has been made in this direction,” the direction being the deduction of 
“an extensive logical hierarchy of secondary principles which will exactly 
Parallel all of the objectively observable phenomena of the behavior of 
higher organisms.” As testimony to this “progress” Hull cites, in the 
first Passage quoted above, twenty-eight references. These include eleven 
of Hull’s pre-Pr.B. theoretical articles (28, 29, 30, 32, 34, 35, 38, 42, 44, 
48, 53), several bound volumes of seminar memoranda (46, 52, 58), 
Mathematico-Deductive Theory of Rote Learning (51), six of Spence’s 
articles on discrimination learning (116, 117, 118, 119, 121, 123), Miller 
and Dollard’s Social Learning and Imitation (96), John Whiting’s Be- 
coming a Kwoma (140) and other miscellaneous items.’® There can, 
Se 


1 , R 5 
Among these, there appear, somewhat gratuitously it would seem, Guthrie’s 
The Psychology of pee (19) and The Psychology of Human Conflict (20). 
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of course, be no question about the range and ingenuity of the theo- 
retical applications and analyses jn the indicated sources. Whether, 
when taken together, they constitute “considerable progress” towards 
the deduction of “all the objectively observable . . . behavior of higher 
organisms” is distinctly another question. 

We already know that, strictly speaking, no derivations of concrete 
empirical theorems are possible within the theory of Pr.B. This is be- 
cause the indeterminacies of the postulates, incompleteness of the formal 
structure, and the empirical hollowness of many of the variables are such 
that no full set of premises are available to mediate all steps in the 
derivation of any given empirically meaningful consequence. The theory 
can be made to generate empirical consequences for stated sets of em- 
pirical conditions only in the sense that various of its components can 
function as premises, along with other premises of an ad hoc type im- 
ported for purposes of the “deduction” at hand. This state of affairs is, 
of course, inevitable in any incompletely specified or “young” theoretical 
formulation, and assessments of the fruitfulness of preliminary theoreti- 
cal hypotheses in terms of such a maneuver is indeed desirable. But such 
ad hoc, quasi-systemic”® derivations should not be confused with deriva- 
tions which are fully determined by a theory (ie. with systemic 
derivations). 

The entire range of “deductions” represented by Hull as following 
from the theory of Pr.B. must be regarded as “quasi-systemic deriva- 
tions” which are not uniquely determined by elements within the theory. 
This, of course, means that, strictly speaking, the ascertained or ascer- 
tainable probability value of the theorems has no determinate relation- 
ship to the probability value of the theory. The question of greatest 
importance in connection with quasi-systemic derivations is the extent 
to which their premises are determined by the theory; this obviously 
may vary over a wide range. If the degree of determination by the theory 
turns out to be high, this leads to the expectation that suitable develop- 
ment and further specification of the theory will make possible “genuine” 
systemic derivation of the theorem in question. It cannot be our purpose 
in this report to evaluate degree of systemic determination for each of 
the extensive group of “derivations” claimed by Hull, or each major 
class of such. We can, however, hazard a few general statements about 
such questions. 

We must note that the wide and heterogenous class of “deductions” 


A term is badly needed in methodological discussion to designate “derivations” 
of theorems from a set of premises which contain both legitimate primitive or de- 
rived components of the theory and assumptions extrinsic to the theory. In such a 
case an entirely legitimate derivation is being made, but it is not a derivation from 
the theory which contains the theoretical subset of the premises. Derivations 0 
this order we will call “quasi-systemic derivations,” while derivations all premises 
of which are uniquely determined by a theory, we will call “systemic derivations.” 
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defined by Hull’s cited references, are, in general, not derivations (at 
any level) from the theory of Pr.B. Those contained in the nine pre- 
Pr.B. theoretical articles were “derived” from varied sets of principles, 
considered either independently or in groupings relevant to some prob- 
lem area (e.g., “simple trial-and-error learning,” “stimulus equivalence,” 
etc.), and these principles do not necessarily correspond to the postulates 
of Pr.B. Indeed, there are marked differences between whatever theory 
was implicit in the pre-Pr.B. articles taken together, and the theory of 
P 7B. There were also frequent assumptional changes at various points 
during the pre-Pr.B. period, as Hull’s theoretical thinking evolved. 
Again, there are marked differences between the postulate set of Mathe- 
Matico-Deductive Theory of Rote Learning and that of Pr.B. And, of 
course, the differences from the postulates of Pr.B. of the assumptions 
used by such of the cited authors as Miller and Dollard, and Spence are 
€ven more marked. Spence, for instance, in his theory of discrimination 
learning ( 116), assumes an entirely different relation between sEp (there 
Was no gH, at the time) and N, than does the theory of Pr.B. It must 
be emphasized that these considerations affect by far the largest number 
or “derivations” cited by Hull, including the majority of the more inter- 
esting and suggestive theoretical analyses that he has put forward. 

The only “derivations” unequivocally related (at some level) to the 
theory of Pr.B. are the “random sampling of some fifty or so secondary 
Principles (corollaries) . . . included in the present volume” (p. 398). 

hat these must be regarded as “quasi-systemic derivations” we already 

Now. That the degree of systematic determination of these quasi-sys- 
temic derivations must be regarded as severely limited is implied by the 


entire trend of the present report.” 

The far ranging group of “derivations” alluded to by Hull cannot be 
Tegarded as ordered to any determinate comprehensive theory of be- 
Avior, or even any set of determinate narrow-scope theories. These 
Wuasi-systemic derivations must be regarded as explorations of the po- 
tential fertility of a large number of preliminary theoretical hypotheses, 
Some of which are given a certain coherence by their relation to a com- 
cae set of orienting attitudes. Such “pre-theo 
~ Buesses” about possible explanatory me 


t “ There is in Pr.B., and elsewhere in Hull’s writings, a class of “theorems” (po- 
ential or, in some cases, explicitly given) for which degree of systemic determina- 
ion is sufficiently high to merit designation as “systemic derivations.” These 
Consist of relatively m mediate” implications of postulates and definitions mediated 
>Y simple rules BA logic or mathematics (not necessarily stated) which do not 
Mvolye any “substit ne ” for, or “applications” of, theoretical variables in accord- 
ancewith concrete iF al conditions, Or classes of such. A large number of deri- 

i moras ible within the theory of Pr.B. and others 
of Hull's formulatic, ; ii are trivial, however, except insofar as they 


retical” hypotheses repre- 
chanisms considered rele- 


90 MODERN LEARNING THEORY 


vant to various empirical problem clusters, not the components of a 
mature, or adequately specified theoretical structure. They are guesses 
towards theory, not theory. As explorations of the explanatory possibili- 
ties of such hypotheses, many of the quasi-systemic derivations put 
forward in one context or another by Hull take on a very great impor- 
tance. Among them are to be found the brilliant and detailed explorations 
of the adequacy, to a wide range of empirical phenomena, of various 
“peripheralistic” explanatory mechanisms, which constitute the best fruits 
of Hull’s thinking. Since Pr.B. involves only slight reference to many of 
these ideas, any evaluation of the fruitfulness of Hull’s over-all contribu- 
tion based exclusively on Pr.B. must do him a great injustice. 

It may be instructive to provide some impression of the range of 
“theorems” and “theorem sequences” put forward in one source or 
another by Hull. Even a random list would include “deductions” rele- 
vant to: detailed selective and trial-and-error learning phenomena (e.g., 
28, 32, 45, 48, 65, 66, 78) ; detailed empirical relations arising from CR re- 
search (e.g., 3, 26, 37, 47, 56); human rote learning phenomena (39, 40, 
51); stimulus and response equivalence (34, 35, 47, 56, 67, 78) ; stimulus 
“patterning” (50, 56, 60); many phenomena concerning empirical rela- 
tions among learning and motivational variables (33, 42, 56, 75, 78) ; 
complex adaptive behavior phenomena such as factors associated with 
“purpose,” “knowledge,” “foresight,” “behavioral short-circuiting,” con- 
flict, various forms of complex “transfer” phenomena, certain forms of 
“insightful” problem solution, and “reasoning” (e.g., 29, 30, 34, 35, 38, 
44, 78). In a series of seminar memoranda, and in a little-known article 
(49), provisional rendering of a number of psychoanalytic relationships 
and psychopathological phenomena within the terms of the “theory” 
has been attempted. Two articles (57, 61) inquire into the possibilities 
of dealing with empirical phenomena of “value” within the concepts of 
the theory. And, of course, there are the many derivations—relevant to 
all of these topics and others—represented in work done by students and 
collaborators which, to one extent or the other, bear the imprint of Hull’s 
theoretical ideas (e.g., 1, 11, 12, 14, 22, 84, 96, 97, 99, 102, 116, 131, 140, 
144, 148). 

Among the most interesting of these “derivations” are the attempts to 
apply a number of potential explanatory principles to behavioral rela- 
tionships of great complexity and subtlety (e.g., “reasoning and insight,” 
the role of “guiding ideas,” complex forms of “transfer,” etc.). These, 
for the most part, involve constructs the lawful properties of which are 
considered by Hull to represent secondary principles. Important ex- 
amples would be the principles connected with: “the fractional anticipa- 
tory goal response” (rg and its associated stimulus sq) (e.g., 30, 32, 34, 
35, 38, 42, 44, 78) ; various functional roles of proprioceptive stimulation 
such as s as a function of “the pure stimulus act” (e.g., 29); and “the 
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habit family hierarchy” (e.g., 34, 35, 38, 44). Such mechanisms, because 
they were regarded as corresponding to secondary principles, were not 
considered in Pr.B., despite the fact that they are among Hull’s most 
valuable contributions. No theorist has pushed the evaluation of the 
explanatory potentialities of possible peripheral mechanisms further than 
has Hull, and no theorist has been more ingenious in “constructing” such 
Mechanisms. It is likely that no future attempt to develop theoretical 
formulations of behavior—whether within the framework of what is 
currently regarded as a “purely” S-R approach, or outside of it—can 
afford to neglect the role of such factors. 

Other “derivational” accomplishments of Hull which are impressive, 
though hardly as fruitful for the future of our science as those just 
Considered, should be mentioned. Among them are the many theorems 
Pertaining to detailed aspects of human rote learning derived within 
Mathematico-Deductive Theory of Rote Learning (51). These are per- 
haps the only empirically significant theorems among all of Hull's 
derivations which have the status of systemic rather than quasi-systemic 
derivations. But it must be emphasized that these derivations are sys- 
temic only with respect to the rote learning theory. With respect to the 
theory of Pr.B., they—like all other cited “derivations”—must be re- 
garded as quasi-systemic. Finally, we should note that Hull’s concern 
with attempts to derive as theorems principles assumed by other theorists 
as primary, led, on occasion, to interesting if ad hoc analyses, such as 
the consideration of “patterning” (pp. 349-380) in Pr.B. 


2. Degree of Confirmation 
There are two “levels” at which evaluation of the evidence supporting 
the theory of Pr.B. might be carried out: 


(1) The first would have to do with the detailed evidence on which 
each of the postulates is based, and the evidence for the conse- 
quences of these postulates taken singly or in combination as they 
apply to determinate sets of empirical conditions within their 
range. i 

The second “level” would proceed on the assumption that Pr.B. 
defines an approach to a certain kind of theory. Such an evalua- 
tion would proceed by first isolating those assumptions which 
seem most crucial to the delimitation of the approach (“core” 
assumptions), and appraising the empirical evidence for these core 
assumptions. 

, The purpose here is merely to consider these two “levels” of evaluation 
ma cursory and general way. Level (2), when properly interpreted, 
Tepresents an important line of activity which can only be carried out 
Y the efforts of many workers, and preferably in the context of Hull’s 


(2 


> 
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theoretical contributions in general, rather than as exclusively related to 
Pr.B. 

a. Evidence for the detailed content of Pr.B., as formulated. The 
implications of the entire preceding analysis of Pr.B. are such as to 
justify conclusions of some determinacy, at this level of evaluation. We 
have already adduced many grounds to show that both in mode of 
formulation, and mode of construction, the postulates of Pr.B. are such 
that they cannot possibly be empirically valid over the very general 
(indeed universal) range of reference for which they are asserted. Since 
these postulates are in effect based directly on curve-fitting determina- 
tions, their detailed empirical validity, for any finite sub-part of the 
intended range of application, can best be evaluated in terms of the 
experiments on which they are based, and the accuracy with which 
the experimental data are described by the fitted function forms. 

With regard to certain of the experiments which serve as inductive 
base for postulates of Pr.B., we have had occasion to note these things: 


(a) They are selected or designed with little prior concern for their 
“representativeness” as instances of the reductive symptoms of 
the theoretical variables to which they are ordered. 

(b) The data are often—by virtue of “selectedness,” size of statistical 

N, laxity or inappropriateness of experimental conditions, paucity 

and injudicious distribution of the obtained values over the range 

of the function—entirely unsuitable for quantitative specification. 

Fits of the data by the empirical equations often seem far from 

precise. 


(c 


LS 


It would be boresome and superfluous to spell out such points for all 
experiments on which the postulates of Pr.B. are based. A substantial 
quantity of such commentary is already available in the critical litera- 
ture on Hull (e.g., 21, 91, 92, 108, 109, 114). Adding to such literature 
would, in any case, constitute a revival of dead issues, for Hull in his 
later formulations abandoned many of the experiments which comprise 
the induction basis of Pr.B., and substituted new ones. In Part II, we 
will have much to say about the content and adequacy of these newer 
studies. 

Hull and many of his followers have often tended to place primary 
emphasis on evaluating the empirical validity of postulates in terms of 
their consequences, rather than via relatively direct examination of the 
evidence on which postulates are based. What seems involved here is & 
legitimate, but misapplied, point in scientific method. The establishment 
of empirical validity of a postulate is, to be sure, logically independent 
of the considerations (inductive or otherwise) which have suggested the 
assumption. By definition, a postulate can only be verified in terms of 
its consequences. But when an empirical postulate is constructed by 
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direct curve-fitting procedures of the sort Hull employs, then the experi- 
mental relationship to which the equation has been fitted must become 
a very immediate “consequence” of the postulate. Since, as we already 
know, a theory of the form of Pr.B. can generate only quasi-systemic 
derivations, no “consequences” more remote than the fitted data can 
be expected to possess a comparable degree of systemic determination. 

This appeal of Hullians to “consequences” for the empirical validation 
of such postulates as those of Pr.B. is apparently prompted by the very 
large range of experimental and observational phenomena which are 
made to appear “in line” with the theory by Hull’s quasi-systemic 
derivations, Though a good number of these “derivations” may justly 
strengthen our confidence in something within the theory of Pr.B., it is 
difficult to determine in what. Since the derivations are quasi-systemic, 
certainly this “something” cannot be the specific details of the theory 
of Pr.B., as formulated. The determination of what these “somethings” 
are is a fruitful direction in which the future exploitation of Hull’s 
contributions might go. 

b. Evaluation of “core” assumptions. Suppose that empirical evalua- 
tion of the detailed content of the theory (level 1) leads to the con- 
clusion that the evidence level for all or most of the postulates is not 
acceptable. The option now arises of interpreting the “theory” of Pr.B. 
as a prematurely over-detailed program towards theory, which happens 
to be wrong in most of its details. A question which may now become 
dominant is: “How good is the program?” Does, in other words, PrB. 
limn in the contours of a fruitful approach within which an empirically 
adequate theory may ultimately be constructed? One direction of inquiry 
established by this question is towards isolating those assumptions which 
critically determine the contours of this approach, and examining the 
evidence for such “core” assumptions. : 

This latter direction has in fact been taken in much experimental work 
and Conceptual discussion in recent years. The motive, however, has not 
Uniformly been one of dispassionate analysis. More often such efforts 

ave represented (a) polemical attempts to “refute” the entire super- 
structure of the theory by presumably “critical” tests of foundation 
assumptions, or (b) equally polemical attempts to establish the plausi- 
bility of the entire structure by the verification of foundation as- 
Sumptions, In both cases, the value of the work has been mitigated by 
failure to explore the concrete relations between the “foundation” as- 
Sumptions under test and the theory, or theoretical program, presumably 
ounded on these assumptions. Agreement has been general that the core 
assumptions on whose empirical validity the entire “theory” or program 
must stand or fall is some form of the principle of reinforcement (postu- 
late 4), and possibly the principle of primary stimulus generalization 
(postulate 5), Furthermore, a consensus seems established, on both sides, 
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that the core assumptions under test need not be postulates 4 or 5 as 
formulated, but more fairly some irreducible residue of these principles 
beyond which they cease being Hull. 

What seems to have been considered not at all is the possibility that 
no single postulate or group of postulates of Pr.B. can be considered as 
containing empirically testable core assumptions on which some inte- 
grated framework of theory logically depends. The trend of this report 
is to suggest that the formulations of Pr.B. are of a type which do not 
permit the identification of “core” assumptions in this sense. The inde- 
terminacies in all classes of definition of all classes of variables, and in 
the statements of postulated linkages are such as to preclude (a) de- 
terminate isolation of empirically significant core assumptions, and (b) 
determinate tests of apparent core assumptions, once isolated. 

The preceding observations are borne out, in part, by the difficulties 
in arriving at unequivocal specification of what is under dispute in such 
issues as the “latent learning” (132) and “eontinuity-noncontinuity” 
(90, 106, 119) controversies. At best, the object of dispute might be 
localized (in terms of relevance to Hull’s theory) in some such way as: 
“Any statement which links sHpr, via some kind of increasing functional 
relationship, to the number of reinforcements.” But—merely to take one 
difficulty—matters get very fuzzy indeed when the attempt is made to 
specify the empirical meaning of “reinforcement” in a sense necessarily 
constituted by Pr.B. If we add to this the fact that Hull’s theory of 1949 
includes a revised formulation of the “law of habit formation” which 
seems entirely compatible with the phenomena of “latent learning” 
(cf. Part II), the situation becomes more equivocal than ever. There is 
no doubt that in such experimental controversies as the “latent learning” 
issue and the question of continuity versus noncontinuity interpretations 
of learning, problems of considerable importance relevant to the condi- 
tions governing “learning” are under dispute, but their bearing on the 
empirical content of Hull’s “theory” or theoretical program must remain 
as indeterminate as the structure of that theory or program.?? 

Another group of findings which have been represented as embarrass- 
ing to the principle of reinforcement of Pr.B. are the observations of 
Skinner (113, 115) and others (79, 80, 81) on “intermittent reinforce- 
ment.” These findings indeed point to certain empirical variables (associ- 
ated with “pattern” and distribution of “reinforcements”) omitted in 
any of Hull’s specifications of the conditions constitutive of gHr. AS 
such, they have a definite bearing on any empirical interpretation which 
can be made of postulate 4. They do not, however, “overthrow” the 
“core” of Hull’s approach, because we have seen that it is meaningless 

Let us not forget that this statement applies with equal or greater force t 
“cognitive” and “field” theories whose “consequences” are also allegedly under 
in these disputes. 


o the 
test 
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to identify any interpretation of any postulate of Pr.B. as a “core” of 
anything, other than the postulate in question. 
: Similarly, the rationale behind the analysis of generalization has been 
interpreted as a core component of Pr.B., notably by Lashley (91). There 
1S no question but that the quantitative form of this principle (postulate 
5), deriving as it does from Hovland’s two experiments (23, 24) con- 
cerned with a single sensory modality, must be regarded as only tenu- 
ously established. Nor can it be denied that the Hullian conception of 
sHz as a connection between a “zone” of “stimuli” (or afferent impulses), 
varying in “similarity” on a “stimulus dimension,” and a reaction (or 
“zone” of similar R’s or r’s), contains grave difficulties. Not the least of 
these, is the ambiguity in the definition of “similarity” (the d variable), 
and the inadequacy of extending the notion of a simple stimulus- 
attribute continuum like frequency or intensity to stimulus abject “con- 
tinua” (e.g, Hull’s example of the rotated die, p. 33). And the incon- 
Sisteney with known physiological limiting conditions, of the behavioral 
(sic) assumption that association occurs between afferent impulse zones 
and reaction or reaction-zones, is not entirely irrelevant. Nevertheless, 
any contention that such difficulties must lead to a denial of the “validity 
Of the entire structure” of Hull’s theory (91) assumes that this structure 
1S sufficiently determined to be unsettled by the inadequacy of a single 
Principle, ; 
Tf our analysis of the condition of the theory of Pr.B. is correct, it 
comes meaningless to look for “core” assumptions in the sense in bebe 
this has been customary in the experimental polemics surrounding Hull’s 
Cory. It is realized that this is a radical statement which will perhaps 
be Accepted less readily than the analysis of Pr.B. by which it is implied. 
. 18 important that what we assert be understood. We do not say that 


It is valueless to test possible empirical interpretations of the assumptions 


of Prp, We do not say that such experiments have no inferential bear- 
, and that the interpreta- 


mg on the plausibili f these interpretations 
tions have m mea > the relevant principles of Pr.B. We say only 
fnat the Postulates of Pr.B., considered either as defining a theory or 
the framework of theory aie not of sufficient determinacy to permit 
*Solation of core Tinents of Hull’s theoretical program. To make this 
Point Specific, we should note that many of the types of “consequences” 
Which Hull has represented as “following,” say, from the principle of 
Teinforcement continue to “follow” to the same extent, even if we sub- 
Stitute a Principle of contiguity (or, in general, the same “consequences” 
ollow Tom a wide range of alternate interpretations of various compo- 
nents of the principle). Again, many of the “derivations” involving the 
Principle of generalization S “derivable” to the same extent, from 
= emate Principles which include no reference to stimulus “zones” or 
Continua,” The belief that empirical core assumptions can be found in 
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a sense in which investigators have sought them is premised on the belief 
that Hull’s formulations are far more advanced towards theory than 
they are. 

There is a sense in which it is fruitful to look for core components of 
Hull’s approach to theory. But this is not in the direction of postulates. 
It is in the direction of his orienting attitudes, and the various guiding 
ideas, explanatory mechanisms, scattered hypotheses which look towards 
theory, that function in some way in the many “derivations” and pre- 
theoretical analyses he has put forward. The evaluation of which of the 
orienting attitudes of a theorist like Hull are both feasible and fruitful 
is a matter of great moment for the future development of the field. 
Also of great importance would be the isolation and further development 
of those pre-theoretical hypotheses which, in one context or another, ap- 
pear to contain promising explanatory potential. In this connection, it 
must be remembered that the fertility of such mechanisms as Ta, certain 
applications of Sp, various of the concrete roles imputed to proprioceptive 
stimulation, mechanisms such as secondary and indirect generalization, 
the habit family hierarchy, ete., is independent of their “derivability” 
from the postulates of Pr.B., or any alternate set that Hull has put 
forward. Their possible fertility is also independent of any commitment 
to exclusively peripheral or S-R variables for the analysis of behavior. 
It is likely that such materials are much closer to anything that may be 
considered the core of Hull’s approach than are the postulates of Pr.B. 
It is also clear that a search for core components of this order can go 
only a short way via any analysis restricted to Pr.B., but rather must 
be based on the entire range of Hull’s writings. 

As a final point in this section, we should add that the several research 
clusters developed largely in the attempt to test Hullian “core” assump- 
tions may be interpreted as having quite another utility. Although it is 
outside the scope of this report to discuss the details of these experi- 
ments, what scems most instructive about the results is the extent to 
which they underscore our present distance from any confident general 
identification of the conditions under which learning may be expected to 
occur. Recognition of that distance could lend a note of sobriety to the 
evaluation of the currently feasible in the field of learning theory. 


3. Empirical Flexibility in Practice 


Hull has argued in many contexts that only through the explicit use 
of hypothetico-deductive procedure can a determinate relationship be 
established between theoretical principles and empirical evidence. Thus, 
“openness” to modification and refinement in accordance with empirical 
evidence has often been represented as a virtue of Hull’s theory. We 
have already given sufficient attention to the fact that the hypothetico- 
deductive explicitness attained in Pr.B. by Hull was more a matter © 
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appearance than reality, and thus that only “quasi-systemic” derivations 
of empirical theorems was possible. Nevertheless, the “degree” of system- 
atic determination of theorems, particularly as regards relatively im- 
mediate consequences of the postulates, is certainly greater in principle 
than in most presumably general “theories” of behavior. 

Since what has been called “theory” in recent psychology is largely 
a system of the thcorist’s behavior, it may be of interest to evaluate 
briefly the extent to which the theorist of Pr.B. showed a disposition to 
adjust. the principles of the theory to apparently conflicting empirical 
outcomes, Nothing would be gained by a detailed tracing through of 
cases,” but in general we can say these things: 

(a) There is certainly evidence that Hull showed a tendency to neglect 
contrary empirical data (sometimes at least as adequate as the data 
selected) in the initial formulation of the postulates of Pr.B. (92). 
Analysts may disagree on the extent to which such sclectiveness 1s 
inevitable and legitimate, but they cannot disagree on the fact of selec- 
tiveness, 

(b) Both before and after the publication of Pr.B., Hull showed an 
Mmperviousness to the apparently “embarrassing” data of “latent learn- 
ng” and “intermittent reinforcement.” Other workers within the Hullian 
framework can certainly not be accused of such neglect (10, 120, 124, 
128), but Hull himself remained aloof from this material. 

(c) During the years between 1943 and 1949, Hull showed a tendency 
Not to acknowledge the bearing on his theory of apparently contrary 
findings deriving from certain other experiments specifically designed to 
test details of his assumptions (e.g 87, 109). 
a Despite the above points, it is not true that Hull held fixedly to some 
rozen” formulation of his principles over any long interval of his career. 
Tn the pre-Pr.B. days, revisions and further specifications of formulations 
on the basis of empirical evidence were frequent. In general, though, 
these changes tended to rely on experiments carried out at Yale in con- 
nection with Hull’s research program, and only rarely reflected respon- 
“'Veness to findings from other laboratories. As we will see in Part II, 
almost immediately after the publication of Pr.B., Hull embarked on 
a Methodologico-experimental program calculated to remove many of 

g quantitative deficiencies of that work. This effort culminated in the 

Ostulate sets of 1949-1951 which define a radically new “theory” of 

havior, The many changes, as against the postulates of Pr.B., produce 
a initial impression of marked responsiveness to the empirical evidence 
h had accumulated over the intervening years. Closer analysis will 
hai, however, that virtually all changes register a far reaching response 
em, € demands of the new quantificational methodology, and not to 
Mpirica] evidence. 

t would be futile to compute coefficients of empirical flexibility for 
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the theoretical behavior of Hull’s rivals during the past few decades. 
We may sharply doubt, however, that competing systematists have 
yielded more gallantly to the encroachments of fact. The main purpose 
served by the preceding brief discussion is to suggest that the responsive- 
ness of a set of hypotheses to evidence is not an automatie by-product 
of the “degree of systemic determination” of their consequences. The 
fact that Hull’s formulations were modeled more closely on a hypo- 
thetico-deductive pattern than has been the rule in psychology, provided 
no guarantee that any given degree of empirical “sensitivity” would pre- 
vail. 


4. “Special Virtues” of the Formulations of Pr.B. 


From everything we have said, it is evident that the chief “virtues” 
of the “theory” of Pr.B. are not to be found in the detailed postulational 
content, or in any reasonably concrete framework for a future theory of 
behavior. The fruitful components of Pr.B. represent various orienting 
attitudes, preliminary variable identifications, and “pre-theoretical” hy- 
potheses, some combination of which may prove useful in the slow ap- 
proach towards future theoretical analyses of behavior. For the most 
part, such potentially valuable components of Pr.B. are apparent only 
to the extent that they reflect emphases and ideas developed by Hull 
in the wider context of his theoretical writings generally. Thus, many 
of the “virtues” of Pr.B. can best be gotten at only through consideration 
of the fruits of Hull’s over-all effort, and this we propose briefly to do 
in Part III. In the present section, we restrict attention to a few advances 
in Hull’s theoretical thinking which were defined (in published form) 
for the first time in Pr.B. 

Pr.B. introduced a large number of changes as against earlier formu- 
lations of Hull’s theory. In retrospect, certain of these, such as the intro- 
duction of s (the afferent impulse) and r (the efferent discharge), and 
the principle of “neural interaction,” do not seem entirely judicious. The 
attempt to approximate a greater degree of “quantitativeness” than in 
earlier formulations has certainly not proven judicious. It would be 
difficult to regard the inhibition assumptions (postulates 8 and 9) in 
the form in which they appear in Pr.B. as an improvement over any- 
thing. One set of modifications, however, stands out as a major advance. 
This has to do not with the detailed content of any postulate, but rather 
with the general arrangement of the variables discriminated within Pr.B- 

In pre-Pr.B. formulations of his system, Hull had represented behavior 
as directly derivable from “excitatory potential” (or “excitatory tend- 
encies”) which was conceived to be directly established by reinforce- 
ment or “conditioning.” No distinction comparable to that between six 
and slp was in existence. Thus, in pre-1943 presentations, no systematic 
distinction was made between variables (and principles) constitutive ° 
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habit acquisition (“learning”) and variables or principles governing 
habit functioning (“performance”). It has become more or less a con- 
vention to note this feature of Pr.B. as an advance in Hull’s theoretical 
thinking, but it is rare that the importance of this apparently modest 
stride is fully appreciated. 

The distinction between “learning” and “performance” had been avail- 
able in the field for some years (89, 136), and had been much stressed 
by a certain group of theorists. Nevertheless, this distinction had been 
“exploited” in only two senses: (a) to emphasize the obvious method- 
ological point that, if “learning” be conceptualized as a set of relatively 
Permanent intra-organismic modifications, then the (intervening) vari- 
ables which represent learning “structures” cannot be identified with the 
observable changes in behavior from which they are inferred; and (6) to 
Point to the “existence” of empirical phenomena which imply that 
changes in learning variables may take place independently of concur- 
rently observable changes in behavior (i.e, “latent learning”).** The 
learning-performance distinction seems simple enough, but it has im- 
Portant consequences for the structure of any (“non-positivistic”) theo- 
retical approach to the analysis of behavior, and correspondingly 
™portant implications for the experimental analysis of behavior. It 
implies that any attempt to conceptualize behavior which deals with 

training-effects” in terms of relatively permanent changes in value 

and/or state of a special class of intervening variables (e.g, habit, 
expectancy,” trace), must contain two cleanly discriminated sets of 

Principles. One set of principles must relate relevant empirical charac- 
erlstics of the training situation to the original “formation” or _aequl= 
sition” of such learning “structures.” An independent set of principles 
Must bring to bear, on another class of intervening variables (“perform- 
ante? variables), the effects of relatively transient empirical conditions, 
other than those: of original training, which may influence behavior at 
“YY given time. Such a conceptualization would then consider momentary 
chavior to be some joint function of the learning variables, as calcu- 

ated from the conditions of original training, and the performance vari- 
eS representing conditions concurrent with the momentary behavior. 

t would be unfair to say that no “theory” preceding PrB. had made 
Provision for such a distinction in the arrangement of its variables. 
ertainly Lewin had realized in his formulations some such distinction, 


alt : z : x 
Z hough the identification and the relevance of learning variables had 


2 se 
whee’ Additional implication that such changes may take place under conditions 
us ich Preclude the operation of certain versions of the principle of reinforcement 
Concern ug here no more than it did Hull. Unfortunately, the psychologists 
exch Stressed the distinction between “learning” and “performance” placed almost 
me usive emphasis on this presumptive implication of certain experimental findings, 


the qe2ded to forget that the distinction has important heuristic implications for 
etaileq experimental analysis of behavior. 
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remained vague in the extreme. Tolman, too, had “arranged” some of 
his variables in rough accordance with this distinction. Neither, how- 
ever, had implemented the distinction with any experimental program 
designed to unscramble detailed “learning” and “performance” relation- 
ships. It is to Hull’s credit that the “theory” of Pr.B. showed the most 
consistent and comprehensive recognition of the need for independent 
sets of principles relevant to habit acquisition as against habit function- 
ing of any prior formulation, and, at the same time, suggested an experi- 
mental methodology capable of differentially exploring such relationships 
in more than a token way. 

Tt will be recalled that in Pr.B. Hull consistently distinguishes Š and $ 
(the stimulus or afferent impulse of original “‘conditioning”’) from S and s 
(the stimulus or afferent impulse of “action-evocation”’), and similarly that 
È is consistently discriminated from R. Postulate 4 introduces the basic 
“Jearning” variable sHr as a function of the presumably relevant empirical 
conditions of the training situation. Final behavior is mediated by slip as 
the terminal intervening variable of the formulation. Between sHr and 
sHp is a chain of intervening variables calculated (with the possible excep- 
tion of sIr) to represent various momentary behavior-production factors. 
Thus, sie is designed to bring differences in the current stimulating situa- 
tion (from that of original learning) into the causal analysis; sEr introduces 
the role of current drive conditions; İr, the momentary conditions of inhibi- 
tion; and sOr, the effect of various nonpredictable sources of momentary 
variability in sEp. 

Perhaps more important than this merely formal arrangement of 
variables, is the appearance in connection with the formulations of Pr.B. 
of one of the first experiments to embody a design which implements the 
learning-performance distinction in other than a demonstrational or 
casual sense. This is the Perin experiment (103) which, despite its 
shortcomings as the exclusive basis for a quantitative and general “postu- 
late” on primary motivation, is the first experiment in the literature to 
attempt dissociation of the effects of variation in drive “strength” on 
performance as contaminated by concurrent training, from its effects 0n 
performance in combination with controlled degrees of previous training. 
The simple multi-variable design of the Perin experiment may not ap- 
pear to be a contribution of cosmic importance; nevertheless, it consti- 
tutes one of the few clear-cut forward steps in mode of question formula- 
tion in several decades of research on interrelations among “earning 
and “motivational” variables. 

In line with the clear distinction between learning and performance 
variables, and the considerations giving rise to the Perin experiment, 
Hull in 1943 extended his analysis of primary motivation in a fruitfu 
direction. The former attempt to deal with the behavioral elaborations 
of motivational factors exclusively in terms of Sp is now supplemente 
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by the direct “sensitizing” or “energizing” effects of drives on the habit 
structures mediating response evocation. This addition, while hardly 
bringing Hull close to a “complete” analysis of motivation, makes possi- 
ble suggestive preliminary treatment of a far wider range of motivational 
Phenomena than was possible when drive was equated with a condition- 
able, persisting stimulus. 

_ Though these “advances” may appear somewhat modest as against the 
Intentions of Pr.B., or the wishes of those who consider such intentions 
feasible, they are genuine. Their apparent magnitude may serve as an 
mdex to where we stand vis à vis theory in the heroic mode. 


Part IL The 1949-1951 Postulate Sets” 


As already indicated (p. 2), the substance of this report has been 
devoted primarily to the form of Hull’s theory set forth in Pr.B., in the 
belief that this will remain the most influential of Hull’s general formu- 
ations. It is largely the business of the following consideration of the 
new postulate sets to justify this belief. Since the new postulates are the 
terminal consequences of the same theoretical objectives that produced 
the theory of Pr.B., detailed consideration of those postulates should 
8lve additional asics into the significance of the earlier formulation, 
and of Hull’s theoretical efforts generally. 

The 1949-1951 postulate sets pose special difficulties for the analyst. 
n the case of Pr.B., whatever its shortcomings in regard to explicit 
ormal procedure there is at least sufficient informal elucidation and 
pplication of the concepts in the textual “embedding material,” the 
notes and the glossary, to give the analyst something to work with in 
a Teasonably determinate way. The four nearly identical postulate sets 
ae 1949-1951, however, are given with very little explanatory material 

any kind. The first three of these consist of bare statements of postu- 
ates and corollaries “in an unbroken sequence.” The situation is only 
» refers to four separate but highly 


a 
The desi P 

ane esignation “1949-1951 postulate sets £ F i 

similan gnation post 4 ; 1 Th 

tee a Collections of postulates which were issued during that interval. The first 


these 7 $ mimeographed memoranda concerning behavior 
theory (og agre pui forward as mimeogt end November, 1949. The third ap- 
pared as an article (70) in the May, 1950 issue of the Psychological Review, while 
es, final collection is contained in the 1951 book, Essentials of Behavior (75). The 
me ond postulate set departs only slightly from the first. The third departs even 
ore sli pa fourth is practically identical with the 


thir ghtly from the second, and the , a yA 
4 d. Since most discussions of the final form of Hull’s theory are likely to be 


Sed on th A i d the fact that this terminal 
el k sirable to record the fact ; 1 
z aot th 96I Boole, wns Sap SP tle of the present discussion. A portion 
e 


the theory dates from 1949, in the ti 4 
Beha, ; Present A bad hes ‘written before the appearance of Essentials of 
si om EN This part of the discussion has been 


'avior, hayi t 
Tey T, having be on the 1950 set. 4 c ; S 
re ‘Sed in the light Be ces material in Essentials of Behavior, while the 
ander has been directly based on that volume. Essentials of Behavior will be 
ated to Essentials throughout the text. 
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slightly improved in the small 1951 volume, Essentials of Behavior 
(75), which provides brief textual elucidation with each of the postu- 
lates.2> For these reasons, much reading between lines becomes neces- 
sary, and much of the content and rationale of the theory must be 
reconstructed by collation of the new postulates with the “memoranda” 
and journal articles of the post-Pr.B. period. Thus, the analyst must face 
a greater than ordinary risk of being proven injudicious, and is almost 
certain to be construed as unfair. 

The examination of the new postulates proceeds in terms of a detailed 
comparison with the 1943 version of the theory. It was not considered 
desirable to do this in terms of the set of analytic rubrics which de- 
termined the organization of our account of the earlier theory. This 
would have eventuated in much overlapping, and would in any case 
represent a mode of analysis unsuited to the skeletal condition of Hull’s 
recent formulations. 

Background considerations. The publication of Pr.B. in 1943 had 
widespread repercussions on the experimental and theoretical activity in 
“fundamental” behavioral psychology. It is a tribute to Hull that from 
1943 to the present his conceptions have literally dominated the scene 
within “learning theory,” either as foci of controversy, or as sources of 
hypotheses for further experimental elaboration or evaluation. During 
the interval 1943-1949, many experiments designed to test specific con- 
sequences of Hull’s theory were performed, and many experiments not 
motivated by this intention yielded relevant data. In addition, the 
interminable “latent learning” (132) and “eontinuity-noncontinuity” 
(90, 106, 119) controversies raged on, at both conceptual and experi- 
mental levels. Despite the accumulation of much incompatible experi- 
mental data and conceptual criticism (e.g., 81, 87, 91, 92, 94, 101, 105, 
108, 109, 114, 137), Hull seemed to cling, during most of this period, to 
his 1943 formulations with a tenacity unbecoming to a hy pothetico- 
deductive theorist. The pendulum swung dramatically in the opposite 
direction with the new postulate sets. These sets are not only replete 


3 Essentials was apparently a stop-gap publication intended by Hull to provide 
sufficient elucidation of the 1949-1950 postulates to render them intelligible, 
some degree, to the psychological public, until the time when fuller exposition cou 
be provided in a more extensive book. Hull completed this book, in which the new 
postulates are used “in making concrete deductions of the systematic details of 
individual (non-social) behavior” (70, p. 174), shortly before his death. During t ‘ 
writing of the present report, the author did not know whether this final book ° 
Hull’s would be published posthumously. Actually, the book here referred to—~ t 
Behavior System (78)—was published shortly before the manuscript for this repor 
was sent to the editor. It was therefore possible to give this volume brief consider- 
ation in the Appendix to the present analysis (cf. pp. 167-169, this report). It may e 
interesting to note, at this place, that A Behavior System does not carry the eluor 
dation of the new postulates much beyond the point of Essentials, but concentrates 
instead on the relatively “informal” derivation of theorem-sequences pertaining 


a large number of empirical problem-clusters. 
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with modifications in the detail of many of the assumptions; they repre- 
sent a major realignment of the entire theoretical framework—a realign- 
ment so radical as to include, as only one of its features, something very 
close to a total abrogation of the reinforcement principle. Only the barest 
index to the magnitude of the alterations is given by Hull’s statement 
(70, p. 174) that: 


++. the mathematical aspects of many of the postulates have been formulated, 
or reformulated, and the verbal formulation of nearly all has been modified by 
a certain extent. One postulate . . . [the reference is to postulate 10 of Pr.B. 
On sOp] has been dropped in part as empirically erroneous, some postulates 
fe been divided, and others have been combined; several new postulates 
have been added, and a number of the original postulates have been derived from 
Others of the present set and now appear as corollaries. The net result is an 


tae of from sixteen to eighteen postulates, with twelve corollaries (brackets 
e). 


In actuality, the scope of the changes is such as to produce what must 
© considered an essentially new theory, related to the theory of Pr.B. 
în terms of the orienting attitudes which govern its construction and the 
Seneral identification of variables, but differing in the content of almost 
every assumption. No meaningful perspective on the significance of 
Hull's contributions can be achieved without careful inquiry into the 
Srounds for these changes. Hull’s death makes it all the more important 
© arrive at an understanding of the factors responsible for the terminal 
Status of his theory. 
‘hin Of discussion. We begin the ana 
4 Major changes of emphasis which the 19 s 
> We continue with consideration of (B) the new technique of 
loe tification and postulate construction, and its impact on the 1949- 
tai l theory, and (C) a sampling of further changes with regard to cer- 
Eon key hypotheses and concepts. A brief set of concluding considera- 
Ñ ns (D) considers the import of the new theory for the evaluation of 


u oF 
lls long-range theoretical effort. 


A. MAJOR CHANGES OF EMPHASIS 

n of “core” assumptions which we 

refer to as attenuation of the reinforcement principle.” The second 

on he subtle affair which seems to betoken an increased sensitivity 

o tull’s part to the difficulties occasioned by the unrestricted generality 

Crease 0 Sioni formulations. This we discuss under the heading: “in- 
localism of the theory language.” 


lysis with an indication of (A) 
49-1951 postulate sets intro- 


One of 
will 
TA 


these is a glaring modificatio 


a, f 

„s ttenuation of the Reinforcement Principle 
Ta change likely to produce maximum amazement, even to the casual 
€r of the 1949-1951 postulate sets, is the marked shift in the identifi- 
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cation of the conditions which govern habit functioning or “performance” 
(sEr), as against habit acquisition or “learning” (sHp). In 1948, the 
crucial principle of the theory, postulate 4 on reinforcement, defined 
habit strength as a mathematical function of four empirical variables: 
(1) number of reinforcements (N), (2) magnitude of need reduction (w), 
(3) delay of reinforcement (t), and (4) degree of S-R asynchronism 
(t and t”). In the 1949 postulate set, only one of these variables—N 
(now written N)—is retained as a determinant of habit strength. Two 
of the others—w (albeit redefined with great specificity as “weight of 
food given as reinforcement”) and the delay of reinforcement (t)—are 
now functionally related to reaction potential rather than habit strength. 
S-R asynchronism is eliminated as a determinant of anything, its system- 
atic burden now apparently being carried by the new V or stimulus 
intensity dynamism factor in conjunction with other principles of the 
theory (such as the new postulate II on “molar stimulus traces”). 
More concretely, the present arrangement, in comparison to the past, 
is this: Corresponding in function to the old principle of reinforcement 
(postulate 4) are the two “new” postulates, III (‘Primary Reinforce- 
ment”) and IV (“The Law of Habit Formation”). Postulate III states 
that (75, p. 20): 
Whenever an effector activity (R) is closely associated with a stimulus afferent 
impulse or trace (s) and the conjunction is closely associated with the rapid 


diminution in the motivational stimulus (Sp or sq) there will result an increment 
to a tendency for that stimulus to evoke that response. 


Postulate IV reads (75, p. 32): 


If reinforcements follow each other at evenly distributed intervals, everything 
else constant, the resulting habit will increase in strength as a positive growt 
function of the number of trials, according to the equation, 


gH =1— 10-2. 


Notice that in addition to dropping the three other variables which in 
1943 determined sHr, the event which follows the stimulus process 
response process conjunction is now no longer the “diminution of 4 
need,” but rather “the rapid diminution in the motivational stimulus.” 


Tt may be of interest to note that in the statement of postulate III in the 
1960 set (70), the phrase “diminution in the receptor discharge characteristic ef 
a need” occurred in place of “rapid diminution in the motivational stimulu 
(Sp or So).” This is one of the very few changes as between the 1950 and the 199. 
postulate sets. The insertion of “rapid” may register some concern on Hull’s a 
over the flagrantly non-differentiating implications of “diminution” per se 85 | s 
mark of reinforcement, but we are not told what “rapid” means in this connection 
The change from “receptor discharge characteristic of a need” to “motivation 
stimulus” may betoken nothing more than a vagrant desire to avoid physiolosi r 
sounding language in this place, but it is possible also that Hull was no !0 4 
comfortable about referring to “receptor discharges” or even “stimuli” as & propi to 
of drives. There are evidences in Essentials to the effect that Hull had reverte 
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pir ke principle of secondary reinforcement, which in 1943 was em- 
dded in the primitive reinforcement assumption, is now a derived 
pen appearing as corollary ii under postulate III. 

D he be recalled that old postulates 6 and 7 introduce the concepts of 
nition i 2 ong 6), and assert the well known multiplicative consti- 
Bee ace sEp by sHr and D (postulate 7). Analogous in function to 
“a oS oe postulate V on primary motivation or drive, and new IX 
anu why contributory postulates VI, VII and VIII. Postulate VI on 
ih es sh dynamism introduces the new intervening variable V 
se ion of stimulus intensity. Postulate VII introduces the incentive 
Ar saia 5 K as a function of w. A delay in reinforcement 
Ix is introduced by postulate VIII as a function of t. Postulate 

can then assert that (p. 59): 


“Er=DXV:XK XJ X sHs, 
where 


a sHr= sHr X Vi 
“a ve Vı is that [i.e., the stimulus intensity dynamism] involved in 
Itis pa learning” (brackets mine). 
ieren ear that these changes alone make the 1949 postulate set a very 
even o system than the theory of Pr.B. There are already signs that 
on PAN of Hull’s staunchest defenders is not entirely comfortable about 
z “8 That the “theory” must now generate a wide variety of conse- 
hig 
he 


onal effects of drives with stimulation. 
tributes with which Hull had enriched 
motivation in 1943 seem to have 
to a view similar to his pre-1943 
on, but different in that the 
n of strong stimulation than 


fargo which equated all functi 
m the opi ‘sensitizing” or “energizing” at 
een lop aaa of many) his theory of primary 
ormu Ped off in 1051. Instead, Hull had come to 8. 
emphasis E in that drive seems equated with stimulati 
x ae rather more in the Neal Miller (96) directio. 
"The an Hullian direction of persisting stimulation. 
aPpearan ariables, V, and sfx (as distinct from V: and sx) make a rather sudden 
ates ha i in postulate IX. In effect, this partly undoes what the preceding postu- 
Unique f been asserting. They had been saying that habit strength (Hx) is a 
Actually unction of N. With postulate IX we find the first formal indication that 
being « th had been intended all along, this 
Stimulus process,” as mediated by the 
f sting implication of this addition 


ec RES: 
constitution of habit strength is that, since Hull regards strength of drive to 


discussed above, Spence (129, p. 253) 
factors from that in Principles of Be- 
dmirable readiness to be influenced 


fter š 
àdds “In e brief summary of the changes 
Wior to thie ang his formulation of these 
e above form, Hull has revealed an & 
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quences which markedly differ from those of the earlier theory is obvious. 
Perhaps most striking among the altered deductive potentialities of 
the new Hullian framework is the apparent increase in facility with which 
many of the so-called “latent learning” data can be handled.2® The ac- 
quisition of habit strength (“learning structures”) is still held to be a 
function of the number of reinforced repetitions of an S-R coincidence, but 
the word “reinforced” no longer has reference to amount of need reduc- 
tion or to the delay of need reduction, or even to need reduction. It has 
reference to the “rapid diminution in the motivational stimulus,” and 
“diminution” apparently means diminution per se, not amount of diminu- 
tion. This, in turn, means that, everything else constant, a habit strength 
increment will be the same habit strength increment, whether the “reward” 
be great or infinitesimal, and independently of when the reward arrives 
within the indeterminate interval designated by “closely associated.” 
This means, in short, that all “latent learning” and other data which 
previously seemed to “strain” the theory because of its commitment to 
the dependence of the size of the increment of habit strength on the 
amount and the delay of need reduction can now be derived with easy 
abandon. After all, it is always possible to find a drive whose “stimulus” 
is reduced to some unspecified extent at the termination of any S-R 
sequence, the reinforcement of which is demanded by theoretical exigency. 
Most of the above points have already been clearly perceived and 

_ stated by Seward (110). Seward, however, goes on to an elaborate search 
for some way of reconstituting the concept of “reinforcement” in order 
to square it with Hull’s current theory. Now, the semantics of “reinforce- 
ment” has had a curious and involved history. But, if Hull was once a 
reinforcement theorist in the sense that his basic acquisition postulate 
demanded a quantitative dependence of learning increments on amount 
of need reduction, he is no longer a reinforcement theorist in that sense. 
If he was once a reinforcement theorist in the sense of holding need reduc- 


by the experimental findings. However, the evidence with respect to the role of 
some of these variables is not as yet clear cut.” Spence’s uneasiness 1S further 
indicated by the fact that he is constrained to provide a “presentation of Hull's 


reformulation of his theory . - - not strictly in accord with the version presente 
by Hull ..., but [one which] represents & somewhat simplified treatment tha 
the present writer favors” (129, p. 251). n 

í Essentials, 


Tn an earlier draft of this section, prepared before the appearance 0: 

it was suggested that the change in the status of “amount of need reduction” from 
that of a learning to a performance variable (ie., determinant of sHa to deter 
minant of sEr) was perhaps motivated by an intention to do justice to cortal 
refractory instances of “latent learning” data. The writer now believes that thi 
was not the case. Indeed, Essentials contains much evidence to suggest tha t 
general reshuffling of learning and performance variables in the new postulate pe 
was not motivated by any empirical data at all. Instead, it seems probable th 
these and many other changes in the new theory were forced by Hull’s attemP” 
to achieve a genuine quantification of his major intervening variables. This inter 
pretation will be argued in a later part of the report. 
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tion to be a necessary condition of learning, he is no longer a reinforce- 
ment theorist in precisely that sense. He may be, at present, a reinforce- 
ment theorist in the sense of holding Sp diminution to be a necessary 
condition of learning, but notice that this makes the reinforcement 
principle even more tenuous and “nondifferentiating” than it has ever been 
in Hull’s hands. Drive stimulus diminution, as an all or none occurrence, 
isa flagrantly untestable event, an event which may be postulated with 
much greater imaginative impunity than the occurrence of a given magni- 
tude of drive reduction sufficient to mediate such and such an increment 
in habit strength. Considerations of this sort make it highly likely that, 
M practice, Hull’s current principle of reinforcement would generate 
Consequences in no way distinguishable from those mediated by an un- 
adorned association by contiguity principle. The possibility of retranslat- 
ing Sp diminution as an “emphasizer” or some kind of confirming event 
(cf. Tolman chapter) should not go unnoticed. : 

qn some highly attenuated and residual sense of his earlier use of the 
term, Hull may still be characterized as a reinforeement theorist. But 

ere is reason to doubt that the current principle of reinforcement will 
function in conerete derivations in any way differently than alternate 
Non-reinforcement estimates of the conditions of acquisition. 


2. Increased Localism of the Theory Language 


_By explicit statement of intention (cf. p. 87), and by the “tone” of 
1s theory language, Hull had always given the impression that he was 
Presenting a comprehensive theory of behavior, having an unrestricted 
Tange of application. This view has, at times, not been shared by certain 
of his advocates who have argued that Hull’s theory was meant to hold 
essentially for certain aspects of the behavior of the white rat. Perhaps 
even those who regard Hull’s system as a restricted theory will be sur- 
Prised to find evidences in his current theory language of a retreat to 
Specificity that far transcends the preceding characterization of his 
theoretical aims. On the other hand, there is no explicit indication of an 
tention to narrow down the domain of the theory, and much of the 
$ cory language is characterized by the same unrestricted generality of 
eference as before. f 
for e net result is an essential ambiguity. Does Hull offer his new 
th mulation as a “limited” or “narrow-scope” theory, or as a general 
b ®ory of behavior? The third possibility, of course, is that he offers it as 
oth of these, thus leaving open the opportunity to shift from one inter- 
Pretation to the other, in accordance with polemical exigency. 
n the following paramrapha, we will assemble at random some of the 
AY instances of “localism” in the language of the 1949-1951 theory. 
ne a tulate 6 on primary motivation in Pr.B. was a perfectly general 
Ment linking drive and the drive stimulus. The failure of this assump- 


Ma; 
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tion to connect D and Sp to any independent variable has already been 
noted. The primary motivation assumption of the new theory, postulate 
V, corrects certain of the deficiencies of the old postulate; it links D and 
Sp to Cp. But it does this only for one drive condition—“food privation.” 
The language of this postulate is a curious admixture of specificity and 
generality. Part A leads off with the phrase: “Primary motivation (D), 
at least that resulting from food privation, consists of two multiplicative 
components” (75, p. 38). Part B defines the “functional relationship of 
drive (D) to one drive condition (food privation),” the relationship 
turning out to be a highly detailed paraphrase of the specific results 
derived in an experiment by Yamaguchi (147). Part C (75, p. 39) is 
completely general in formulation, assigning the “old” monotonic in- 
creasing function to the relation between “each drive condition” (not 
D as formerly) and Sp. Part D, finally, achieves an intermediate degree of 
generality (or specificity) with the statement that (p. 40): 
At least some drive conditions tend partially to motivate into action habits 
which have been set up on the basis of different drive conditions (ital. mine). 
A marked increase in localism is apparent in the treatment of inde- 
pendent variables in the new postulate set. This is particularly striking in 
the case of the w variable which formerly was a determinant of sHr, 
but now contributes to sEpr via K. In the old theory, w was treated (at 
least part of the time) as “magnitude of need reduction.” In the new 
formulation, w has become simply “the weight of food given as reinforce- 
ment.” W, one of the independent variables constitutive of Zp, was re- 
ferred to in postulate 8 of the 1943 theory (56, p. 300) as “the work.. 
involved in the execution of the response.” In the three occurrences of 
this variable in the present postulate set (75, postulate X.E., p. 81; 
corollary ix, p. 84; corollary x, P. 85), W is uniformly identified as “the 
work . . . involved in operating the manipulandum.” The reference is 
presumably to the gadget moved by the rats in the Skinner boxes of the 
two studies on which the current assumptions relating W to Îr are based. 
On the dependent variable side, a most remarkable increase of localism 
occurs in the redefinition of A. In Pr.B., this variable was variously 
identified as “the amplitude (A) of responses mediated by the autonome 
nervous system” (p. 344), “amplitude, magnitude, or intensity of 2 
reaction” (p. 403). Now, it is cautiously referred to in the new postulate 
XVI as “the Tarchanoff galvanic skin reaction amplitude” (75, p- 179): 
As a final example®? of some kind of extreme in the field of theoretic 
® At first blush, another apparently glaring example of theoretical localism seems 
to be the indeterminate restriction imposed on the basic law of reinforceme? 
(postulate IV) by the antecedent clause, “If reinforcements follow each other, © 


: 3 ` jter 
evenly distributed intervals.” In the pre-ssentials draft of this section, the write 


interpreted this as a concession to the phenomena of intermittent reinforeeme a] 
(81). Such a concession would have registered an admirable sensitivity to emp" ip 


findings, but it would have reduced the generality of the basic learning assumpto 
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“localisms,” we cite Hull’s “preliminary suggestion” in Essentials for 
a definition of the wat, the unit for measuring reaction potential (75, 
p. 100): 


The wat is the mean standard deviation of the momentary reaction potential 


(sp) of standard albino rats, 90 days of age, learning a simple manipulative 
act requiring a 10 gram pressure by 24-hour distributed trials under 23 hours’ 
hunger, water available, with reward in the form of a 2.5-gram pellet of the 
usual dry dog food, the mean being taken from all the reinforcement trials 
Producing the habit strength from .75 to .85 habs inclusive. 


Since, as we shall sec, the wat is the basic quantitative unit on which all 
Variable interrelations in the present system are premised, one is almost 
caused to wonder whether the scope of the new theory is to be literally 
Testricted to the manipulandum-pushing behavior of the 59 rats whose 
latencies provide the sole empirical basis (13) for the quantification of 
Teaction potential. 

These evidences of localism impose some delicate conditions on any 
evaluation of Hull's theoretical efforts. If Hull intended the new postulate 
Set as some kind of limited theory whose empirical domain is no broader 
than certain aspects of Skinner box behavior, or perhaps certain limited 
aspects of the behavior associated with the learning of instrumental re- 
Sponses in the white rat, this could be interpreted as an encouraging 
development. It could mean that Hull perceived the futility of compre- 
hensive theorizing in the present phase of psychology, that he acknowl- 
edged the limited inductive base, the relational lacunae, the arbitrariness 
0} quantification of his own previous attempts at such theory. Advocates 
or limited theory would have reason for satisfaction. But note that, if 

MS was THull’s intention, he has made his own evaluation of his past 

Coretical efforts. Note also that, if the theory is currently a limited one, 

lere has been no explicit indication of what it ts limited to. 

© matter, however, is complicated by the fact that the evidences 
calism are present in only part of the theory. Certain postulates and 
~Parts of postulates are stated with the same unbridled generality 
as before, If the postulate set of 1949 zs interpreted as a general theory, 

Must be evaluated by the same yardstick as was the earlier formula- 


sub 


to o e “u ” 
nly one į i i f the temporal conditions and “pattern’ 
Of re; e Indeterminate special case o ilebla by: Bisenliale, however, 


kan orcements 7 ; material made av: 
kie ‘ entirely e te merely has reference to the fact that the 
Of g z data on which the law is indirectly based were gathered under conditions 
Order 4. OUU Spacing of the individual trials. Such a distribution was employed in 
° Minimize the conditions which would presumably | result in the accumu- 
Hp, 3 r, thereby yielding an approximation to “pure sEx and thus “pure 
R the ne antecedent clause, then, indicates that the specific form of the law given 
the a Test of the postulate holds for cases where x is at a minimum. Presumably, 
theorem in which fp is present in some determinate degree could be dmy na 
Corollarioy rom postulate IV together with the inhibition assumptions (postulate X, 


1x and x) and other principles of the system. 
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tion. The question of most immediate concern then becomes: is the 1949 
version of the theory a closer approximation to an adequate general 
theory than the 1943 version? This question has, we think, been partly 
answered by the theoretical indeterminacies already alluded to in the 
above discussions. Within the limitations imposed by the paucity of: 
elucidative material given with the 1949-1951 postulates, the question 
will be pursued further in the following sections. 


B. THE NEW TECHNIQUE OF QUANTIFICATION AND 
POSTULATE CONSTRUCTION 


The key to virtually all of the changes in Hull’s 1949-1951 theory, as 
against the theory of Pr.B., is to be found in his attempt to approximate 
genuine quantification. This statement holds both for the major changes 
of emphasis and for the greater part of the many less striking changes of 
detail. 

From the period of his earliest theoretical articles, Hull had been look- 
ing towards the mathematization of the principles of his behavior theory- 
In Pr.B., Hull had attempted to presage this goal by putting forward an 
entirely programmatic set of mathematical “equations” for his major 
postulates, and a group of pseudo-mensurational units for his principal 
intervening variables. Although there were admissions of programmatic- 
ity thinly scattered through the pages of Pr.B., there is little doubt that 
the net effect of the presentation was to create an impression of quantita- 
tive determinacy far in excess of the actual state of affairs. That Hull 
himself had a fully realistic appraisal of what this state of affairs was 
is indicated by the fact that, immediately after the publication of Pr.B. 
he set himself the explicit task of formulating a “quantificational method- 
ology” for defining his major intervening variable units, and for trans- 
lating his programmatic “equations” into actual ones. Already in July 
and December of 1943, Hull issued two memoranda (58) announcing 
program for achieving quantification. By 1945, it was possible for Hu 
to circulate a revision of these statements—Research M emorandum Con- 
cerning the Quantitative Empirical Determination of Certain Basic Be 
havioral Constants and Their Functional Interrelationships (62).” The 
lengthy memorandum puts forward the substance of the quantification 
program which eventuated in the five articles, published by Hull pre 
others between 1947 and 1950 (13, 15, 64, 141, 145), that deal with th 
s i iri. d: ta for 

In the 1943 memoranda, Hull had suggested that the basic empirical 8™. ue 
the quantification procedure be derived from the Cowless-Pennington techna e 
of conditioning the squeak of the rat by shocking its tail. Hull indicates $: the 
1945 memorandum that, during 1943-1944, exploratory work demonstrate e 
infeasibility of this technique. During 1944-1945, the technique of obtaining resped 
latencies in a modified Skinner-Ellson box was developed. The program p w 
by the 1945 memorandum is based on this latter procedure, and this procedure 
retained for the subsequent quantificational work. 
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quantification of reaction potential and related matters. The quantifica- 
tional methods and findings reported in these articles are, in turn, re- 
flected in the 1949-1951 postulate set. 

Exactly how pressing a task Hull felt this matter of quantification to 
be is revealed in the first article of the quantification series—Reaction 
Latency (str) as a Function of the Number of Reinforcements (N). He 
Says (13, p. 214): 


_ In the writing of the volume Principles of behavior . . . , the author found 
it almost an expository necessity to have available at least the formal charac- 
teristics of a number of important mathematical behavioral principles or molar 
laws. These were accordingly postulated even though elaborated evidence was 
at the time largely lacking. Moreover, the expository need of giving specific 
examples of the working of the general theoretical approach necessitated the 
assumption of numerous quantitative constants which are essential characteristics 
of the equations necessarily involved. Finally, also for expository reasons, & 
number of behavioral measurement units (the wat, the hab, the mote and the 
Pav) were employed, for which satisfactory quantitative definitions and genuine 
values had not been worked out. In short, a considerable part of the systematic 
structure in question was programmatic. . . . i 

That such a state of affairs should continue longer than circumstances make 
necessary is intolerable. Accordingly, early in 1943 definite efforts to perform 
these quantitative determinations were begun . . ., and since that time work 
has continued without interruption (ital. mine). 


It is interesting to observe that nowhere in the literature is there a 
Clearer or stronger statement of the programmaticity of PrB., and of 
the purely illustrative character of the quantitative material therein 
Contained. It is regrettable that a comparably emphatic statement to 
this effect had not appeared in Pr.B. itself. Be this as it may, the quo- 
tation leaves little doubt as to the importance attributed by Hull to the 
Wantificational program in his post-Pr.B. career. are 

he Passage just quoted is almost an exact replica of the initial para- 
graphs of the 1945 research memorandum on the quantificational pro- 
Bram (62) alluded to above. There, however, after noting the intolera- 
bility of the state of affairs represented by Pr.B., Hull adds (p. 1): 
of changes, possibly radical ones, in 


Needless i 
t le number a l1 
9 ee E coe to result from the carrying out of this 


© postulates of th ted 
A che system are expecte a X 
sa of investigations. Such changes must be recognized as normal in the evo- 
ution of a scientific theoretical system; indeed, this is one of the chief dis- 


tinetions between scientific theory and metaphysics. 


With this anticipation of the theme of the present section in Hull’s own 

Words, we will proceed to its documentation. We begin with a brief sum- 

Mary of (1) the objectives and nature of Hull’s quantificational method- 

ology; we then discuss certain of the (2) relations between the results 

of the quantification and the new postulate set, and we conclude with 
an evaluation of the quantificational program. 


112 MODERN LEARNING THEORY 


1. Objectives and Nature of the Quantificational Methodology 


The objectives of Hull’s new quantificational program may best be 
seen in contrast to the quantitative procedures, insofar as they exist, 
which are implicit in Pr.B. A detailed reconstruction of Hull’s typical 
procedure in arriving at “equational” function specifications has been 
presented earlier in this report (pp. 70-82). In crudest outline, the situa- 
tion seems to have been as follows: 

Hull recognized the complex problem of inferring relationships be- 
tween intervening and empirical variables (“unobservables” and “ob- 
servables”) as a problem. The desideratum was to express a set of lawful 
quantitative relations which would interconnect systematic independent, 
intervening and dependent variables. But the “realizations” of the inter- 
vening variables provided by any experimental data used to suggest such 
quantitative interrelations G.e., used for curve-fitting purposes) have the 
status only of crude indicators of the “unknown” intervening variable 
values to which they are presumably related.3? Should it be assumed 
that the indicators “mirror” the correlative intervening variable “values,” 
there would result as many intervening variable “continua” as there are 
indicator continua, and the intervening variables might then as well be 
abandoned for their generalizing properties would be lost. 

Hull’s tentative solution to this problem incorporated joint elements of 
arbitrariness, inconsistency and programmaticity. One assumption in the 
theory—the growth relation between sH r and N—seems based on rational” 
considerations. In the case of most of the other assumptions of the theory, 
however, the typical procedure is to select or design an experiment, the 
independent variable of which is presumed to correspond to the antecedent 


m 
=A somewhat analogous problem exists with regard to the relations between 
systematic independent and dependent variables and their “realizations” in terms 0 
the experimental independent or dependent variables of a given study. A systematic 
independent variable like Co, for instance, cannot be equated with the number 0 
hours’ hunger under such and such a maintenance routine in such and such ap 
experiment. As any analysis of “operational” or empirical definition which approxi- 
mates adequacy will show, this would involve the identification of an empirica 
construct with only one member of the (possibly very extensive) class of its 
“reductive symptoms.” Indeed such classes of “reductive symptoms” are rarely 
uniquely determined, because the growth of empirical knowledge may make it 
possible to add new reduction sentences (or reduction chains) to the empirica 
definition of a given concept (cf. 85). Yet, as we have seen (p. 26, this report)» 
Hull has consistently tended to identify his systematic empirical variables with 
“direct. observables.” Thus the problem of constructing quantitative relationships 
between intervening and systematic empirical (independent or dependent) variables 
is as much a “problem” on the empirical variable side, as it is on the intervening 
variable side. For Hull, however, this aspect of the problem does not exist. 
23 Ag we have already tried to argue (pp. 74-78), the presentation in PrB. We 
unclear as to whether Hull intended the growth relation of sHr to N as a “ra 
or an “empirical” assumption. Hull seems to want it both ways, but the trend ° 
the argument of Chapter VII (56, pp- 402-123) seems to demand that the assum 
be regarded as “rational,” however mixed Hull's actual intention. 
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theoretical variable under consideration, and the dependent variable of 
which corresponds to the consequent theoretical variable. To the experi- 
mental data is fitted an equation, and the form of the resulting equation 
is then directly transferred to the relationship between the theoretical vari- 
ables under consideration. In these cases no question is raised about the 
legitimacy of identifying a relationship between indicators with a relation- 
ship between theoretical (e.g., intervening-intervening or independent- 
intervening) variables. Nevertheless, programmatic measuring units (the 
hab, mote, wat, and pav), ordered to a nonexistent “centigrade scale,” 
are assigned to the chief intervening variables in order to exhibit the virtues 
which would obtain, if these units could be linked with quantitative con- 
sistency to the indeterminate collection of indicators with which each is 
related. To round out the picture, it should be added that in the “quanti- 
fication” of the relations between the terminal intervening variables of 
Pr.B. (siz and sip) and the four dependent variable “measures” (p, n, 
t, and A), the procedure is to fit equations to “typical” curves of each of 
these measures as a function of N, and (1) assuming that .Z,, other things 
Constant, must be a growth function of N, and (2) finding an explicit growth 
expression in each equation, it becomes possible to utilize “the method of 
Tesidues . . . to determine the functional relationship of sër to the par- 
ticular behavior phenomena employed” (p. 395). 

As the 1945 memorandum on quantification makes clear, the over-all 
objectives of Hull's new quantificational procedures are to remedy all 
of the deficiencies of the earlier methodology implicit in the above 
account, In Hull’s estimation, the pivot on which the whole operation 
Could be made to turn was the quantification of sEn, because this is the 
Construct which, of all intervening variables in the theory, is most im- 
mediately related to performance indicators. Once s¥e is sealed, Hull 
reasoned (62), it should become feasible to derive other intervening 
Variable measures (habs, motes, pavs) by a combined rational and em- 
Pirical maneuver. Since, for instance, it is rationally assumed that 


= sHz X D, 
and that si E 


sHr = ÍN), 

the availability of a set of “genuine” scale values for sEr as a function 
Whine Might yield an equation containing two multiplicative components 

ich could be identified as corresponding to sHg and D. The law of 
> R aS a function of N would then take the same form as the original 
ee tion with the D term omitted, and sHx could thus be indirectly 
ae in terms of sx. Similarly, D might now be indirectly scaled via 
nih aborate experimental program which would determine s&p values 
z a function of a relevant independent variable condition of D (Cp), 

® remaining constant, From the fitted equation, one could presumably 
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derive the law representing D as a function of Cp.** The immediate ob- 
jective of the program thus becomes the quantification of sir. 

Hull devotes relatively little attention to the formal properties of the 
type of mensurational scale he is trying to achieve. Tt is evident, however, 
that he is after something with the properties of at least an interval, and 
preferably a ratio, scale. In the second article of the quantification 
sequence (64), Hull is entirely clear about the desiderata at which a 
satisfactory quantification of sEr would aim. He recognizes that the 
“objective manifestations” of sEr “take .. . many different forms.” 
Furthermore (64, pp. 237-238) : 

These manifestations, while measurable, are usually measured in different units 
and rarely or never, even when measured in the same units, yield results which 
are comparable. Moreover, in some cases, e.g., muscular contraction, several 
different aspects of the response, such as latency, amplitude, and force, can be 
employed as indicators of what at bottom is presumably the same thing. 
After presenting a “tabular summary” of twelve indicators of sEr, Hull 
specifies the following requirement (64, pp. 238-239) : 


_.. all quantifications of reaction potential, however empirically manifested, 
should be expressible on the same scale and in terms of the same unit. 


At the end of this article, there is a detailed statement of “criteria of 
quantificational validity” which serves further to define the requirements 
of the mensurational program: 


“We have referred to the scaling of other intervening variable “measures” in 
terms of the scaling of sz as a combined rational and empirical maneuver. We 
think that Hull would have had to agree with this description, but it must be 
remembered that the content of many of the assumptions that function as rational 
components of the present procedure (e.g, the assumption that gE» is a multiplica- 
tive function of D and sHn) had been represented in PrB. as based on empirically 
determined relationships. In Essentials, Hull still speaks as if many such assumptions 
are based on empirical evidence. To the extent that Hull took this position, it 
should be noted that he was still tacitly assuming that equations fitted to “indicator” 
values yielded relationships having the same form as equations fitted to genuine 
measures. Such an assumption would seem to make the elaborate quantificational 
procedure in large part unnecessary, except perhaps for the determination © 
empirical constants. 

The simplest way out of this dilemma is to admit that formal construct inter- 
relations of the sort under discussion are pure “rational” guesses. The validity of 
such guesses could then only be determined by the fruits of the quantification 
procedure—e.g., the extent to which quantitative derivations were checked by fur- 
ther experimental evidence. As shall be shown later, such a determination of validity 
had not been made in a single case. In Essentials, Hull apparently assumes eet 
such rational guesses find empirical validation, if analysis of the equations fitte 
to “quantified” data discloses expressions within the equations which exhibit the 
formal relations rationally assumed. But there are many evidences which sugges 
that the curve-fitting procedures were often extremely loose, Hull in one place even 
admitting that a growth expression was chosen despite the fact that a ‘ 
function gave 2 better fit. In other words, it is probable that the “rational constru! 
interrelations were projected into the equations which presumably verify them. * 
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As Bergmann and Spence remark ..., “The actual excellence of physical 
measurement is entirely a matter of fact.” These excellences have been found 
in the facts of quantitative consistency of the results of measurement with re- 
lated phenomena and the great extent to which they have facilitated the simpli- 
fied systematic organization of the field in which the quantifications have been 
employed. Similarly, the present and all other proposed methods of behavioral 
Quantification must depend for their validation, at least in part, upon the quanti- 
be consistencies and systematizations to which they give rise (64, p. 252, ital. 
ine). 

Hull then goes on to present two “specific examples of such . . . possi- 
bilities in the present field. . . .” The first is that “a closely related 
[quantificational] method based on reaction thresholds in the case of 
conditioned winking of the type reported by Reynolds” (107) should 
Yield a curve of learning having the same form as the rat latency curve 
emerging from the initial quantificational study. In Hull’s own words, 
the second example is as follows: 

It is probable that some forms of learning can be found which yield two or 
More . . . objective indications of the very same habit strength acquisition, 
each one of which could be used independently. . . . It would seem that such 
Curves of learning even though secured from quite different data should agree 
28 to the type of best fitting equation and also, within the limits of the data 
Sampled, as to the various constants. Such a determination may very well prove 


to be a critical test of the methodology (64, p. 252). 


How does Hull actually proceed to the quantification of sEr? Faced 
With the most critical methodological problem at the frontier of current 
behavior theory—the boot-strap lifting operation of climbing from indi- 
Cators to measures—Hull turns to the resources of classical psycho- 
Physics, He comes up with an ad hoc adaptation of the method of paired 
Comparisons, as rationalized by Thurstone (133, 134, 135). On the as- 
Sumption that an indicator like latency has “an inverse monotonic 
Unctional relationship” to reaction potential, Hull proposes to apply the 
Paired comparisons technique to latency data secured from a group of 
Tats during the learning of a simple instrumental response tendency. In 
this way, a series of quantified sr values for the various trials of train- 
mg would be derived, and the “law” of sEp as a function of N would 

come available. , . 

basic “calibration” experiment (13) was therefore designed having 

the following characteristics: Fifty-nine rats were trained in a modified 
inner-Ellson box to move a small brass tube 1/16 of an inch to the 
Sit, in order to secure a pellet of food. The behavior compartment was 
“quipped with a “shutter” (door) which separated the rat from the panel 

Sntaining the manipulandum, and which was always closed when the 
Aithia] was inserted. Latencies were defined as the time between the 
aising of this door and the animals’ response to the manipulandum. 

Ppropriate operation of the manipulandum always caused an automatic 
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retraction (disappearance) of the manipulandum, and was always re- 
inforced by the immediate appearance of a standard pellet of food. Ani- 
mals were trained, on a one trial per day basis, and under twenty-two 
hours of hunger, until they attained a stable latency asymptote. The 
extreme distribution of trials was used in order to minimize contamina- 
tion of the latencies as a measure of reaction potential, due to inhibitory 
and other effects. This single experiment, as we shall later see, provides 
the principal basis for the quantification of sEr, and the far reaching 
changes in the entire Hullian theory thereby mediated. 

Hull’s assessment of the differences between his application of the 
paired comparisons technique to these data, and its conventional applica- 
tion to judgmental data in psychophysics is instructive. They are (64, 
pp. 241-242) as follows. 

1) In psychophysics, judgments are based on “a comparison of stimu- 
lations which are systematically varied,” habit strength being constant. 
In Hull’s application the stimulation is constant, “while the relevant 
habit strength which mediates the reaction is the critical difference.” * 

2) In psychophysics, “the two things compared are ordinarily” simul- 
taneous “or in close succession,” whereas in this situation the “states 
under comparison cannot possibly exist simultaneously.” Rather, per- 
manent records of the latencies are taken, and the judgments of relative 
magnitude are later made by an investigator. 

3) Only “one significant comparison can ever be secured from any two 
habit strengths of a given organism.” This differs from the ordinary psy- 
chophysical situation where the same comparison-pair of stimuli may 
recur on many occasions. Thus to get “adequate numbers of comparisons 
of what corresponds to the same habit strength, many different organisms 
are placed in a comparable learning sequence so that all acquire corre- 
sponding habits, it being assumed that the increments of habit strength 
at the successive reinforcements are in some sense comparable, though 
hardly equal because of individual differences in learning capacity. For 
this reason the latencies of a given organism are here only compared 
with each other, never with those of other organisms.” 

With these differences in the conditions of application, Thurstone’s 
Case III form of the immensely laborious paired comparisons method- 
ology (133, 134, 135) is applied to the latency data of the calibration 
experiment for a “judicious sampling of twenty-five trials distribute 


— 

For some reason, Hull entitled the article on which this discussion is based, 
A Proposed Quantification of Habit Strength (64), and the presentation, towar s 
the beginning of the article, is couched in terms of “habit strength” rather thap 
“reaction potential.” The rationale given for this is the familiar assumption, sEr = 
alin X D, plus the fact that the D term in the quantification is constant. Neverthe- 
less, it is clear that what is being directly quantified is reaction potential, aD 
the later part of the article Hull lapses into consistent reference to reaction por 
tential rather than habit strength. 
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over the entire range of sixty” (64, p. 243) available trials. This pro- 
cedure presumably yields scale values which are based on reaction po- 
tential differences “between the central tendency of the many [reaction 
potentials] of the group of organisms as a whole at two different numbers 
of reinforcements, in terms of the standard deviation of the pooled re- 
action potential variabilities of the same group of organisms as a whole.” 

The paired comparisons method (and similar techniques of psycho- 
physical or “psychological” scaling) is, of course, based on the character- 
isties of the normal curve. Empirically, the technique involves the 
comparison of each of the “stimuli” to be sealed with every other, with 
Tespect to the relative magnitude of a specified property. It is assumed, 
m the language of Thurstone, that on each occurrence, & given stimulus 
gives rise to a “discriminal process” within a psychological continuum, 
that chance factors will result in a variation in the magnitude of the 
discriminal process produced by the same stimulus on different occasions, 
and that such a distribution of discriminal processes (the “discriminal 
dispersion”) is normal. This being assumed, it can also be assumed that 
the differences between the discriminal processes of two diseriminal dis- 
Persions associated with two different stimuli (Re — Ra) will also form 
a normal distribution. The mean of such a difference distribution would 
give the scale separation (S, — Sa) between the two stimuli in question. 
The scale separation can therefore be expressed in terms of the deviate 
On the abscissa of the distribution of differences (Xva). The unit of this 
distribution is, of course, its standard deviation. Thus the scale sepa- 
ration S, — Sa is Xoaoaitt. The basic empirical datum from which this 
value is computed is the proportion of cases in which stimulus R» has 
the relation “>” to stimulus Re (Po>a). Such data may be transformed 
‘nto scale difference values by virtue of Thurstone’s “law of comparative 
Judgment” (134) 38 


di he equation for the law of comparati f 
‘rectly, because it assumes, among other things, that the standard de- 


Viations of the diseriminal dispersions of R» and Re are known. Thur- 
Stone thus distinguishes five cases which, when given sets of assumptions 
ave made, it is possible to derive an estimated solution (18, pp. 220-221). 
Sear 


* The equation for this law, in Guilford’s notation (18, pp. 219-220), is. 


ve judgment cannot be solved 


i caller e DEE 
Sy — Sa = Xto Vast F 00? — 2rowe 


Y A s M 
here Ss and Sa = the scale values for two stimuli Re and Ra, respectively. 
Xa = the deviate corresponding to the proportion of judgments Rs > Ra 
% and ca = the standard deviation of the dispersions made by Rs and Ra on 
chological continuum.  — e 

a T EA between the discriminal deviations of Re and Ra 

The during the same judgments. ; : ; f 
Pp. aooe account of the paired comparisons method is derived from Guilford’s (18, 


~243) presentation. 
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Hull chooses Case III as the most suitable form of the method for his 
purposes. 

This precis of the Thurstone rationalization should serve to indicate 

how tenuous and assumption-laden the method is even within the field of 
its original and appropriate application (psychophysics and “psychological” 
scaling). It also helps to define certain of the gratuitous assumptions that 
Hull was forced to make in his unique application of this method. Among 
the major of these, is the necessary assumption that: “the spontaneous 
variability in the momentary reaction potential (sHr) approximates the normal 
form of distribution ..- , sEp remaining constant”? (64, p. 240, ital. mine). 
This, of course, also means that the distributions of sĒpr differences must 
also be normal in form. In A Proposed Quantification of Habit Strength, 
Hull was especially sensitized to these points, even going so far as to say 
(64, p. 242): 
As Thurstone has pointed out, this pooling of the variability of numerous some- 
what different organisms introduces an additional uncertainty regarding the 
normality of the distribution of differences the ¢ of which is here used as the 
preliminary measuring unit of the quantification of reaction potential. Sooner 
or later, of course, the characteristics of this pooling of many variability distribu- 
tions must be objectively determined if possible (ital. mine). 


2, Relations Between the Results of the Quantification and the 
New Postulate Set 


The application of the methods just described to the data of his single 
defining experiment put Hull in possession of twenty-five “quantified” 
reaction potential values, corresponding to the “judicious sampling” of 
twenty-five of the training trials of the fifty-nine animal experimental 
group. This thin mensurational bridgehead being gained, Hull tried to 
proceed to the conversion of his entire pseudo-quantitative system into 
“genuine” quantitative form. The general strategy for such an operation, 
as laid down in the 1945 memorandum on quantification, has already been 
summarized in our discussion of “objectives.” The results of this general 
strategy as well as the tactics of its application are revealed in the 1949- 
1951 postulate sets. These reflect the “considerable number of changes, 
possibly radical ones,” which Hull had anticipated in the memorandum 
of 1945. ? 

The tactics employed in building up the basic assumptions of the new 
theory, as exhibited in Essentials, are clearly in line with the general 
strategy formulated in the 1945 memorandum. This memorandum, how- 
ever, had called for an ambitious series of experiments, which in the case 
of each major assumption would provide scaled data, based ultimately 0” 
the sEr scaling technique, for purposes of defining the particular coP- 
struct interrelations under scrutiny. Until the formulation of the 1949- 
1951 postulate sets, only the gH, calibration experiment, and two ad- 


CLARK L. HULL 119 


ditional “scaled” studies (141, 146), both quite inadequate for their 
Purposes, had been completed. Thus, the methods employed in the con- 
struction of the 1949-1951 postulates reveal the 1945 strategy only as 
watered down by many makeshifts and compromises of the most gratui- 
tous sort. 

The critical difference in the technique of postulate construction from 
the procedure of Pr.B. is the now consistent convention of regarding all 
empirical curves and equations as sEr (t.e., performance) functions. 
This practice is apparently forced by two interrelated considerations: (1) 
Hull’s desire to rectify the faulty logic of directly transferring the ob- 
tained relations among empirical indicator variables to quantitative 
theoretical variables, (2) the fact that the only “scaled” values available 
are those for Ep. 

The clearest indication of how these procedural assumptions are now 
translated into practice may be found in the construction of the theoreti- 
cal relationships which, in the new theory, generate sz. The steps are 
essentially these. S 

1) The calibration experiment already described gives Hull the op- 
portunity to fit an equation to the twenty-five “scaled” reaction poten- 
tials as a function of the number of reinforcements (N). It is (75, equation 
4, p. 31): 

sEr = 3.55 (1 ane 10—-9305") 37 


This is the basic equation of the entire new theory. _ i i 
2) Possession of this equation presumably makes it possible to derive 
e law of sHp as a function of N—not the old, “programmatic” sHp, but 
siir as scaled in terms of the quantified s/,. Such a maneuver is accom- 
Plished quite directly by adhering, as formerly, to the rational assump- 
10n that sHp is a positive growth function of N. On the basis of this, 
© parenthesized exponential expression in equation 4 is identified as 
corresponding to sip, while the coefficient “3.55” is held to represent the 
Conditions prevalent in the calibration experiment, in much the same 
Way as the earlier analysis (56, pp. 254-255) of the Perin-Williams indi- 


č a 
Stor equations was made. ee 3 
Hull now suggests that the law of D as a function o relevant inde- 
Pendent, variables (Cp), such as hunger, could be determined by an 
laborate experiment designed to yield a family of scaled s#p curves as a 
a *. 
Ih the “number of reinforcements from [the] 
‘ n for the “num! : 5 
b Binning Bg Meese etende [the] absolute zero (Z)” of reaction potential 
> P. 129). It is diginguiched from N, the “number of superthreshold reinforce- 
tion >> 22d N, “number of reinforcements in general.” Equation 4 is a transforma- 
Wag .! è Prior equation which was fitted to sz as a function of V. The case for Ñ 
Thi derived on the assumption that Z lies two reinforcements below the threshold. 
s 
alibre tT 


C; assumption is purportedly justified by the empirical results of the 
Te 


tion experi ich indi hat a median of two reinforcements were 
periment which indicate that a € 
ed before the initial conditioned reaction evocation (cf. 15, pp. 512-515). 
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function of N, the Cp being systematically varied. T his would be expected 
to provide a sufficient number of coefficients analogous to the “3.55” in 
equation IV to permit fitting equations to the coefficients. The results 
would give the law of D as a function of Cp in terms of parameters based 
ultimately on sZp, and would be, ipso facto, susceptible to “genuine” 
sealing. In this connection, Hull cites the Yamaguchi (147) experiment 
which was designed with some such purpose in view. This is one of the 
three studies in the entire theory which employs the sEpr scaling technique, 
and it is used as the main empirical basis for the present postulate V on 
primary motivation. 

4) A precisely analogous method to that described in items 1 to 3 
above, is now used for the isolation of the three additional “constituents” 
of sEr—V (stimulus intensity dynamism), K (incentive motivation), and 
J (delay of reinforcement). In each case, Hull begins with a family of 
equations, presumably for sEr as a function of Ñ, each equation of the 
“family” corresponding to a different setting of the independent variable 
(e.g., weight of food) associated with the intervening variable (e.g., K) 
whose law is under scrutiny. In each case, the discovery is made that: 
(a) the right hand member of each equation of a family contains & 
growth expression multiplied by a coefficient; (b) the coefficients for a 
given family vary in an orderly way; and (c) the growth constants pre- 
sumably show no significant change. The growth expressions, of course, 
are uniformly held to represent sx. In accordance with the principle that 
“the parts of the equations which are nearly alike are so because . - + 
the empirical conditions . . . are alike, and... the parts... which 
are different are so because of the empirical conditions which are differ- 
ent” (75, p. 35), Hull assumes, in each case, that the variation of coefli- 
cients reflects the effect of the independent variable in question, and the 
law for the relation of this empirical variable to its appropriate interven- 
ing variable can now be derived by fitting an equation to the coefficients: 

At this point, it is important to recall that the most startling set of 
changes in the new theory is the “attenuation” of the reinforcement 
principle, and the shifting of the “magnitude of need reduction” (w) a? 
“delay of reinforcement” (t) variables from the determination of siz 
to gr. Hull’s claimed rationale for this is that the habit strength expres- 
sions which appear in the families of learning curves which are fitted to 
sEr as a function of N data, for different settings of w and t, show 2° 
change in the values of their constants, whereas the coefficients in these 
equations show a systematic variation. Forgetting, for the present, the 
slim range and tenuous nature of the experimental data used, and 
fact that the sEr values in these cases are uniformly makeshift indicato" 
values and not of the scaled variety, this claim is simply not justifie® 
For instance, in the consideration of the delay in reinforcement variable, 
Perin’s latency data (104) are used. Four separate equations are fitte 
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to estimated values of sz as a function of N for different delay groups. 
In these equations, both the coefficients and the exponential constants 
vary over a wide range. Indeed, Hull points out that (75, p. 54): 


. . . the steepness of the rise of the learning curves as shown by the magnitude 
of the exponential constants . . . obviously is not constant. Instead it appears 
to be a consistently decreasing function of the amount of delay in reinforcement. 
This suggests that the exponent may ultimately also be expressed as a function 
of the delay in reinforcement. If this tendency is verified it will evidently com- 
Plicate the interpretation now to be made. 

The “interpretation . . . to be made” is, of course, that a curve fitted to 
the four coefficients (asymptotes of the sEr learning curves) yields the 
law relating ¢ to sp, as mediated by J, and the fact that the “evidence” 
indicates a dependence of sH on J, quite as much as a dependence of sEx 
on the same variable, is promptly forgotten.°* 

It is not likely, in the light of the foregoing, that the claimed rationale 
for the transfer of the former habit variables to sx is the true rationale. 
Indeed, it is unlikely that any new evidence, or novel considerations with 
respect to deductive fertility, were responsible for these far-reaching 
changes, Rather, the changes seem forced by blindly following the direc- 
tives of the new quantificational program. The only directly “quantified” 
clement available was equation 4 for sp as & function of Ñ. If other 
Major intervening variables must be (even programmatically) derived 
from this thin “quantitative” wedge, the obvious and immediate thing 
to do is lift out sHp in accordance with the formal relations assumed in 
the old theory (Er = D X sHr, and sHr is a positive growth function of 
N). This being accomplished, how determine the relations between sHz 
and other determining variables of the sort formerly assumed to be rele- 
vant? Only, of course, by fitting equations to empirical curves 1n which 
Some performance indicator is assumed to represent sHp as a function of 

e relevant variable, But the new quantificational method entails the 
Convention that all performance indicators (or preferably measures) 
Must be uniformly interpreted as sr. In accordance with this, the sim- 
Plest and happiest possibility is that all other variables which formerly 
Were believed to determine sf (or which, on rational grounds, might be 

elieved to determine sH pr) directly determine sEr. Thus, the way is open 
geen Series of equational analyses of sEr functions which, as we have 
en, is the characteristic tactic of Essentials. 
in Once this tactical approach is adopted, many, if not most, of the other 
ovations in the 1949-1951 postulate sets directly or indirectly follow. 
very postulate of the new theory contains departures from the 1943 


ulations, major or minor. The changes may involve the identification 

as E- K 
eng tt circumstance is not entirely forgotten, though, because in a note at the 
X e volume (75, p. 121) Hull refers to it as “a special reason for the un- 


Certaj i i 
tainty in regard to J.” He refers to other sources of uncertainty as well. 
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of variables, construct interrelations, mathematical function forms, or 
any combination of these. At this point, we supplement the preceding 
account of the redistribution of sHp and sHp variables with some addi- 
tional conspicuous examples of how the new procedures ramify upon the 
content of the 1949-1951 postulates. In a later section, we will itemize 
a sample of further changes in order to suggest the scope of the recent 
modifications. 

In the succeeding paragraphs, we exhibit the connection between the 
new procedures and the current treatment of (a) stimulus intensity 
dynamism (V), (b) behavioral oscillation, and (c) the postulates (XV 
to XVII) which relate sEp to the dependent variable indicators of the 
theory. 

a. Stimulus intensity dynamism (V). In 1943, Hull indicated that 
“other important factors” probably “enter into the determination of habit 
strength” (56, p. 181), in addition to those explicitly incorporated in the 
reinforcement postulate (postulate 4). One such factor explicitly pointed 
to was stimulus intensity. In the 1949-1951 sets, an intervening variable 
representing the dynamic effects of stimulus intensity on behavior 
appears for the first time as a formal part of the theory. In accordance 
with the methods already discussed, this variable is built up from an sr 
equation fitted to a set of highly indirect calculations based on some 
ancient psychophysical data of Cattell’s (7). This presumably makes 
possible the formulation of a logarithmic relation between S and the 
stimulus intensity component (V) of reaction potential, and thus we are 
provided with another determinant of sEp (not sHpr as conceived in 1943). 


Towards the end of the brief discussion of V in Essentials, we are 
suddenly informed (p. 45) : 


At this stage of our exposition we must point out that stimulus intensity 
dynamism has an important influence on habit formation of a multiplicative 
nature. This is expressed in the following equation: 

sHp = sHp X Vi, 
where V, represents the stimulus intensity involved in the original learning. 


This V, of original learning is apparently to be distinguished from the Y 
of action evocation which directly enters Ep and which later is desig- 
nated as Və. What is especially curious here is that V, represents ® 
second factor which apparently determines sHp (in addition to N) but 
this fact is not registered in “the law of habit formation” (postulate IV) 
or any related law. At first blush, this seems like an oversight. A little 
speculation will show, however, that this assumption cannot possibly fin 

a place within the postulate set as a direct determinant of gHr on the 
basis of the present technique of postulate construction. The equation 
analysis of sEr curves can only reveal V2, not V;. V; could be rationally 


assumed (as it has been), and possibly verified in terms of its indirect 
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Consequences, but it could not be represented as a direct determinant of 
sH» within the law of habit formation, where it seems to belong, without, 
becoming a glaring example of departure from the “quantitative” method- 
ology. It therefore becomes a glaring example of a construct which is at 
once in the theory and out of it.3? 

b. Behavioral oscillation. In 1943, Hull had assumed that (56, p. 319) 

Associated with every reaction potential (s£,) there exists an inhibitory 
Dotentiality (sO) which oscillates in amount from instant to instant according 
el “law” of chance, and whose range, maximum, and minimum, are 


It will be recalled that the recognition of this variable involves the intro- 
duction of the construct “momentary effective reaction potential” (sEr), 
Which is defined in terms of the difference between effective reaction poten- 
Hal (sĒr) and the “oscillatory force.” In the 1949-1951 postulate sets, the 
Variable sOp assumes a special significance for the obvious reason that the 
new quantificational program is based on the scaling of s#r, and the unit 
oF quantification is the dispersion of the momentary effective reaction 
Potential (sp). This, by definition, makes the unit of sEr tantamount 
to the dispersion of sOr (i.e., the dispersion of sër and sOr are identical). 
Recall, further, that the normality of the distribution of sHp and sHp 
‘erences is a basic presupposition of Hull’s paired comparisons scaling 
technique. 
t was naturally very important for 
= latter assumption. The “calibration’ 
i Scribed presumably gives some slim bas 9 
ality assumption. Accordingly, Hull et al. (145) plotted a frequency dis- 
tribution for five thousand “corrected” sÊr scale value differences derived 
rom the latencies of this experiment. In order to get a large sample of 
values from a given stage of training, latencies at the performance asymp- 
Ste, of which twenty were available for each of the fifty-nine animals, 
Were used, The individual latencies were converted into “scaled” sEp 
Values via a modified form (145, equation 5, p. 218) of an equation for 
ale as a function of latency (145, equation 1, p. 217) which had been fitted 
© the original scaled values of the quantification study. f 
he resulting distribution turned out to be leptokurtic rather than 
in, mal, Pearson’s Be giving a value of 3.9873. This rather unhappy find- 
L8 set Hull off on an elaborate search for a method of correcting sEpr 


a 


Hull to explore the legitimacy of 
’ experiment for sr previously 
is for the evaluation of the nor- 


vos a multipli to form sH, is originally introduced as a brute 
aamption a cad in connection with the discussion of stimulus 
bac ism (75, p. 45). It ultimately gets into the formal postulate set only by the 
Sor, via postulate IX which reads (75, p- 59): 
Where “Er =D XVX K XIX Hs, 


ani Hr = sHr X Va, , 
d where Vi is that involved in the original learning.” 
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values, scaled on the assumption of normality, for the fact of leptokurto- 
sis. We will have occasion to refer to this enterprise later (pp. 129-131), 
but it is not relevant to the immediate purpose. What is immediately rele- 
vant is that this particular consequence of the new quantificational method 
must, to the extent that it is taken seriously, now force a revision in the 
sOpr assumption of 1943. In consequence, the sOr postulate (XIII) of the 
1949-1951 theory begins as follows (75, p. 97): 


A. Reaction potential (sEpr) oscillates from moment to moment, the distribu- 
tion of gOp deviating slightly from the Gaussian probability form in being 
leptokurtic with By at about 4.0.... 


In Pr.B., the “range, maximum, and minimum” of sOr had been assumed 
to be constant. The possession of the equation, referred to above, for scaled 
sp as a function of latency, now makes it possible to derive the standard 
deviations of sHn differences between successive trials of training, over the 
range of the sixty training trials of the quantification experiment. A plot of 
these values (145, p. 233; 75, p. 98) shows a marked and apparently un- 
systematic variability of the sigmas over the various trials of training. In 
this way, another major change is introduced into the theory as a direct 
consequence of the new quantificational method. The change is recorded 
in part B of postulate XIII (75, p. 99)—which represents a rather loose 
paraphrase of the phenomenal properties of the graph for the sHr differ- 
ence sigmas as a function of the training trials. It reads: 


The oscillation of Ep begins with a dispersion of approximately zero at the 
absolute zero (Z) of gH», this at first rising as a positive growth function of 
the number of superthreshold reinforcements (N) to an unsteady maximum, 
after which it remains relatively constant though with increasing variability*° 


“ Although an attempt has been made in the presentation of the new quantifica- 
tional methods to reserve evaluative comments for a subsequent section, it is 
difficult to abide by that rule at this place. Two opposed aspects of postulate 
XIII. B. should be noted: (1) The extreme literalness with which general signifi- 
cance is imputed to highly indirect, assumption-laden calculations based on part 
of the data from one learning experiment, and (2) the extreme imaginativeness 
shown in rendering the general trends and quantitative implications of these already 
questionable data. Why, for instance, should the oscillation of sEr begin “with 
a dispersion of approximately zero at the absolute zero (Z) of sHn?” Hull cites 
as his only ground for this the fact that “the first seven superthreshold trials . + 
show a very rapid rise in dispersion. If a curve should be drawn through these 
values and projected backward it is evident that it would cut the base-line at 
around two trials less than the conventional zero. Now it happens that this is the 
number of the trials marking the true zero” (75, p. 99). Again, what is the evidence 
for the dispersion of sp “at first rising as a positive growth function of the number 
OE Ni Ss reinforcements?” It is apparently the fact that the first seven of the sixt¥ 
plotted trials show some kind of increase in the sx dispersion measure. There 38 
no indication even that an equation was fitted to these values, if the fitting of & 
growth function constitutes evidence. Indeed, in 1948 (145, p. 233), Hull ha 
described the same values as merely conforming “to a simple increasing function 
of N.” These joint characteristics of almost fantastic over-generalization from 4 
limited induction-basis and a loose rendering of the empirical findings within the 
content of the generalization, are present in almost every component of the 1949- 
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c. The dependent variable postulates. The impact of the new quantifi- 
cational program on the content of the theory is nowhere shown more 
strikingly than in the case of the assumptions which tie the theory to 
empirical states of affairs on the dependent variable side. These are the 
postulates (XV through XVII) which relate sn to the systematic de- 
Pendent variables of the new theory. 7 ` 

In 1943, postulates 12 through 15 (56, p. 344) tied sEp and se to four 
Teaction indicators—probability of response evocation (p), latency (str), 
number of extinction reactions (n), and amplitude of responses mediated 
by the autonomic nervous system (A). The function forms imputed to 
these relationships were derived by a procedure (already described) of 
assuming that sHr is a growth function of N, and then analyzing charac- 
teristic learning curves, for each of the four indicators, into components in 
accordance with this assumption. 

In the 1949-1951 theory, the reaction potential—dependent variable 
relations are constructed, of course, in terms of the new methodology. The 
Procedure now becomes quite direct, at least in general principle. Since 
it is now assumed that s/, is in some sense quantified, all that must be 
done is to determine the relation between sEr and corresponding values 
of the dependent variable indicator in question. i 

The problem of the relation of sEg to reaction latency is automatically 
solved by virtue of the fact that the sr values of the original quantifica- 
tion experiment were derived from latency data. Indeed, we have already 

ad occasion to refer to the fact that the quantification study had yielded, 
Y highly indirect means, an equation for sEr as a function of latency 
str). In consequence this equation provides the content for postulate XV 


Which reads (75, p. 107): 


ey eeaction potential (sp) is a negatively 
Median reaction latency (str), i.e+ 
sEr = astr”. 


Remarkably enough, this is one of the few elements of the 1949-1951 


cory which remains in about the same form as the corresponding as- 
Sumption (postulate 13, p. 344) in Pr.B., despite the fact that the former 
assumption was constructed without benefit of “quantified” data. 
.“0ing on to the relation of sEpr to amplitude, we run into a predictable 
ificulty, No “sealed” sEn values for amplitude happen to exist. As Hull 
Points out (75 p. 108), the “methodology for doing this seems now avail- 
€, though it has ant been utilized.” In rigid accordance with the new 
Met, Odology, however, Hull proceeds to make “the best temporary shift 


Possible,» £0 wit (75, tk 108-109) : 


accelerated decreasing function of 


195 : 
See Seta, Although such tendencies were evident enough in 1943, they have become 
More conspicuous in the new theory. 
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Hovland . . . utilized four groups of 32 human subjects each in setting up 
the galvanic skin reaction to a tone with 8, 16, 24, and 48 reinforcements 
respectively. Substituting these N values in a learning equation obtained from 
59 albino rats whose . . . reaction potentials had been quantified by means of 
the paired-comparisons technique based on reaction latencies... , we obtain 
the corresponding gH, values.4! 


The operation can now be completed by fitting an equation to these sE p’s 
as a function of the corresponding obtained galvanic skin response ampli- 
tudes, and we thereby get the content of postulate XVI (75, p. 109): 


Reaction potential . ..is an increasing linear function of the Tarchanoff 
galvanic skin reaction amplitude (A), i.e., 
sEr = cA — b. 


For a second time, we are confronted with one of the rare cases of a 
correspondence with a function form assumed in Pr.B. (postulate 15, p. 
344). 

Continuing to the relationship of reaction potential to n, the number of 
extinction responses (75, postulate XVII), it still remains necessary to 
use a makeshift technique to estimate sEpg’s. Hull deems it necessary to 
determine two cases of this law, the first (A) for “reaction potentials . . . 
acquired by massed reinforcements” (p. 112) and the second (B) for 
“reaction potentials . . . acquired by quasi-distributed reinforcements” 
(p. 114). The utility of this is not quite clear, since the basic “law of habit 
formation” (postulate IV) is stated only for the second of these conditions. 

In any event, sEx’s for case A are derived in a manner analogous 
to the amplitude function, by combining certain of the Perin-Williams 
data (103) with the basic sEpr as a function of Ñ equation, Estimated re- 
action potentials for case B are indirectly derived from a part of the 
Yamaguchi motivation study (75, pp. 112-113). Equations fitted to these 
two sets of s&p values as a function of n yield the two parts of postulate 
XVII (75, XVILA., p. 112; XVILB., p. 114). It turns out that the func- 
tions for parts A and B are markedly different, and that both differ from 
the corresponding principle (postulate 14, p. 344) of Pr.B. In this case, 
therefore, the new quantificational method leads to a substantial change 
in the theory. 

At this point, we must note another substantial change with regard to 
dependent variables. Probability of reaction evocation (p), which was 
linked to sĒp by postulate 12 in 1943 (56, p. 344), is nowhere to be found. 
This, after all, is not a minor omission, because what a theory can talk 
about (ie., make predictions about) is restricted to the referents of its 
dependent variables, and probability of response occurrence would seem 

“ We have felt it worthwhile to quote Hull’s account of this “makeshift,” because 


a similar procedure is used repeatedly in arriving at other assumptions in the theory- 
The few scaled sEr values in existence must obviously carry a great load. 
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to be one of the things that any S-R theory of learning would have to 
talk about,.if it were to have applicational utility. 

The reason for the elimination of p is hidden in a note at the end of 
Essentials (pp. 125-126). There Hull indicates: 


It has been pointed out above . . . that sOp probably begins with a zero dis- 
nage when sEp stands at zero and increases as a growth function, at least 
h rough the first eight or nine reinforcements. This is very different from the 
aoe earlier utilized . . . which was that the dispersion of sOp is invari- 


iri bs changed assumption naturally greatly reduces the amount of variability 
the th probability (p) of reaction evocation in simple reaction situations as 
TE Areshold is being crossed by s&p during the learning process. Felsinger’s 
a results [the reference is to the ubiquitous calibration experiment] 
ee +. + Once the response had risen above the reaction threshold and had 
Sr acerca it relatively infrequently failed to do so during the continuing 
thesi ng process, which is what would be expected by the present revised hypo- 
S regarding 40r dispersions (brackets mine). 


To In other words, pursuit of the new quantificational program leads, by a 
eate we have already mapped, to the “discovery” that the dispersion of 
bon (or sBp) is very slight in the area of the reaction threshold. This would 
Ply that, immediately after the threshold is crossed, the likelihood of a 
ve ttation of sip sufficient to depress the reaction below the threshold is 
‘a ry Small. Therefore, any assumption which implies a very gradual in- 
ned M reaction probability as the initial reinforcements accumulate (as 
s the 1943 postulate 12 which assumed an ogival relationship between 
able and p) must be abandoned. Therefore, p as a primitive dependent vari- 
® of the theory must be abandoned.” ; 

in “Aa More, then, the new quantificational method forces a major change 
Not a theory, It might perhaps be argued that in this particular case it is 
ith © new quantitative commitments per se, but these in conjunction 
oe the evidence of the Felsinger experiment, which force the change. 
8 tag examination of the details of this study (13, pp. 216-217) will 
~ that the procedure was such as to insure a p of close to unity after 
In i a ‘ 

hi all fairness to H x ld be acknowledged that he recognized that the 
calip ability of te — oe os first “superthreshold” reinforcement in the 
eer wok experiment “contrasts sharply with ... the very slow IDCTOARES AN fp! 
He ed in the case of conditioned blinking . . - and in rote learning” (75, p. 126). 
triaj- Pothesized that “these latter forms of learning are in reality cases of simple 
thresh “error learning and that what was formerly supposed to be the reaction 
deal a Was a strong competing reaction.” Thus, it is evident that he hoped to 
theo ith certain of the relations between sZe and p in terms of a sequence of 
eli bao Televant to simple trial-and-error learning. It is even possible that this 
situatio ‘on of p from the postulates of the theory, recognizing as it does the 
alter, tia Pound character of quantitative behavioral relationships, may be a happy 
Abandona of the system. But, from this point of view, Hull might as well have 
38 indesst all of the postulated relations between sEr and the dependent variables, 

very other “quantitative” postulate of the theory. 
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the occurrence of the first superthreshold reinforcement. And this aspect 
of the procedure was such, because the quantificational program which 
motivated the study demanded that it be such. 

By way of summary, then, in all of the dependent variable postulates 
of the new theory,** and indeed in all of the examples considered in this 
section, the dominating factor is the new quantificational program. No 
matter how slight the realized portion of this program may be, no matter 
how tenuous, remote or arbitrary is its application in a given case, the 
dictates of the new method are followed. When, as in the case of postu- 
lates XV and XVI, pursuit of this method yields results which agree, 
through some distant coincidence, with earlier assumptions, they are 
retained. When, as in the case of new postulate XVII, and the dropping 
of p, the method yields findings at gross variance with earlier assump- 
tions, it is these findings which determine the content of the new theory. 
In no case do the changes seem related to a careful assessment of experi- 
mental evidence, or a rational calculation of theoretical plausibility. In 
this way does the new theory, which superficially seems by virtue of the 
magnitude of the changes to register marked empirical sensitivity, register 
only the consequences of a premature attempt to achieve quantification. 
The only “evidence” underlying, at one inferential distance or another, 
most of the changes are the twenty-five pooled s#, values for the fifty- 
nine rats of the calibration experiment. 


3. Evaluation of the Quantificational Program 


In the preceding presentation of the objectives, nature and consequences 
of the new quantificational program, an effort has been made to hold 
evaluative analysis to the minimum. This has seemed desirable in order 
to reveal the rather complex strategy and intricate tactics of the pro- 
gram in an unencumbered way. Since, in the limited explanatory mate- 
rial connected with the 1949-1951 postulate sets, Hull had been far from 
clear-cut about the relations between the quantification of sEr and the 
new theory, the tracing out of these relations seemed to merit undivided 
attention. It has also seemed desirable to let the new quantificational pro- 
gram speak for itself, because in a sense it is self-evaluating. The methods 
(and their results) contain at every point so many gratuitous assump- 
tions, remote extrapolations, arbitrary mathematical transformations 0 
data, autistic anticipations of empirical outcomes, that it becomes almost 
meaningless to fix on any given set of inadequacies to the exclusion of 


“ As an addendum to the above discussion of the dependent variable postulates, 
it should be noted that there is still no evidence of any more satisfactory constitu- 
tion of the response class than there was in 1943. Thus, the present. dependent 
variable indicators are just as ambiguous with respect to what it is that they 
indicate (i.e., response) as were the dependent variables of Pr.B. (cf. p. 441 this 
report). 
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others. Such inadequacies should be conspicuous enough from any close 
reading of the foregoing account, but it must be emphasized that any 
selective account of this material can only impart a remote flavor of the 
actual state of affairs. 

In this section, we will present only a small sample of the evaluative 
Points that might be brought to bear on the quantificational method and 
its consequences. Generally speaking, we will confine the discussion to 
issues which may provide additional insight into the characteristics of 
the quantificational program and the new theory which it has produced. 
In the following discussion, then, we present evaluative analyses of (a) 
the scaling of reaction potential, and (b) the associated procedure of pos- 
tulate construction which determined the content of the new theory. 

a. Evaluation of the sEp scaling technique. The most effective way to 
evaluate Hull’s “quantificational methodology” for the scaling of sEpr, is 
in terms of his own stated objectives. One could devote time to question- 
ing the logic of transferring a scaling method, the properties of which 
ate ambiguous even within the original psychophysical setting for which 
it was developed, to a radically different situation. Again, assuming that 
the Hullian modification of the procedure is entirely legitimate, and its 
*pplication to the data of the calibration experiment impeccable, one 
Could still raise a number of severe questions about the a priort theoretical 
Utility of the resulting scale values. One might, for instance, question the 
® priori assumption that Hull must make to the effect that the different 
empirica] indicators of Ep are ordinally correlated to a sufficiently high 

“Brce, to permit predictions, from s&p values based on the scaling of a 
Biven indicator (e.g., latency), of the corresponding ordinal values of 
Rig other indicator (e.g., amplitude). The direct way to proceed, how- 
ae and the one most likely to give further insight into the terminal 
pd of Hull’s theory, is to test the methodology in terms of the explicitly 

Objectives, 

“ay © Will recall that the basic requirement demanded by Hull was that 
the 1; *2tifications of reaction potential, however empirically manitested, 
a e expressible on the same scale and in terms of Gr i unit 
meet); 288-239). There is ample evidence that the methodology did not 

"8 requirement. r 
Va Vidence which plainly shows the untenability of assuming that the sFr 


in a arising from the calibration experiment have comparable significance 
to; Y context outside that of initial determination, hasalready been alluded 
atte te discussion of behavioral oscillation. It will be recalled that in the 
S È, Pt to test the normality assumption with respect to the dispersion of 
Ca] tte erences (145), Hull plotted the distribution of a large number of 
ated sËp differences at the latency asymptote for the fifty-nine ani- 


al . . . . 
* Of the calibration experiment. The resulting distribution was sym- 
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metrical but leptokurtic. This, of course, posed for Hull the critical problem 
of how the scale values were affected by such a departure from the pre- 
suppositions underlying their construction. 

Since the scale values of the calibration experiment are based upon 
standard tables of ordinates and areas of the normal probability integral, 
Hull proceeded to construct analogous tables based on the empirical 
characteristics of the obtained leptokurtic distribution. These tables 
clearly (and predictably) imply that scale-separation values constructed 
on the assumption of a Gaussian distribution, must be substantially 
distorted when a distribution is actually leptokurtic. From the empirical 
leptokurtic distribution, Hull is then able to compute new scale values 
corresponding to the twenty-five scaled sZ, values of the original study. 
These corrected gEr values are shown by tests of internal consistency to 
contain significantly less scale-separation distortion than the original 
values, and Hull is presumably out of his dilemma. Indeed, after all this 
laborious work, the dilemma seems spontaneously to evaporate, for Hull 
maintains that a fit of the corrected sEp values gives almost an identical 
equation to the one fitted to the original values, except for a 10.6 per cent 
reduction in the coefficient determining the asymptote. This, despite the 
fact that there are marked apparent differences in many of the scale- 
separation values. 

In this way does Hull extricate the “quantificational methodology” from 
the impasse created by a failure to confirm the normality assumption. But 
at this point it is necessary to raise an unhappy question. Does not the 
entire rationale of the paired comparisons and similar scaling techniques 
depend on the assumption of a canonical distribution of scale value differ- 
ences, i.e., a distribution having certain invariant mathematical properties? 
The fact that the “5000 calculated momentary reaction potential (sEx) 
differences of fifty-nine albino rats at the limit of latency reduction due tO 
training” (145, p. 220) yields a leptokurtic distribution with a 62, of exactly 
3.9873 does not mean that precisely the same amount of leptokurtosis will 
be present in the next study, or indeed a repetition of the same study. 


“The rather tortured character of the article (145) in which these considerations 
are reported is perhaps an indication of Hull’s concern over the resulting challeng® 
to his quantificational method. Hull’s disturbance can perhaps be inferred from the 
fact that he felt it necessary to devote considerable space (pp. 227-228; pp- 2 
236) to an analysis of three early studies of Thurstone, with the intention of 
demonstrating that there are indications in these studies, as well as his ow, of 
scale separation distortion produced by the application of a Gaussian probability 
table to a leptokurtic distribution of paired-comparison data” (p. 229). Indeed, he 
goes so far as to suggest in a footnote (p. 237) that “leptokurtosis may be the true 
basis of individual psychophysics and individual behavior theory generally, 88 well 
as of the pooled results by the Thurstone type of procedure.” 

“ Hull indicates (145, p. 221): “In the case of fs, the statistical indication is that 
the .9873 deviation beyond 3.00 has a ratio of 1.352 to its probable error, which 
corresponds to a probability of about 1 in 5 that it is due to the chance ° 
sampling.” 
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As a matter of fact, there is no particular reason to expect leptokurtosis at 
all in the next study, or symmetry, or indeed anything, but we are trying 
to remain within the framework of Hull’s argument. 

That Hull was concerned about such considerations is revealed in a 
footnote (145, p. 236): 

in case the degree of leptokurtosis varies from one project to another this 
will present a practical difficulty. However, with modern calculating devices 
ìt should not be too laborious to compute several leptokurtie tables covering 
the range over which data vary. ... As a beginning, tables could perhaps be 
made which are based on Bəs of 3.75, 4.00, and 4.50. Meanwhile we may be 
able to establish a dependable tule which will enable us to estimate rather 
closely in advance which table will be required. If not it will be fairly easy to 
8pply our test for seale-separation distortion, or some improved version of it, 
to the Thurstone Case III procedure and try the suitability of one table after 
nother to the paired-comparison data until one is found which will yield a zero 
OT near-zero degree of distortion. 

The above statement makes it clear that, if the difficulty is a “practical” 
one, it is certainly a cumbersome practical difficulty, to say the least. But 
1s the difficulty merely a practical one? “All quantifications of reaction 
Potential” must be “expressible on the same scale and in terms of the same 
unit.” Hull grants the possibility of the degree of leptokurtosis varying 
BOR roject to project. This means that the resulting scale values will be 
n different scales (and in different units) in different projects. A possible 
reply to this is that so long as both scale values and f:'s for the different 
Projects are specified, the values should be intertranslatable. But, at this 
Point, an additional complication must be introduced. If Hull grants that 

gree of leptokurtosis may vary from project to project, he must also 
ant that it may vary for the distributions of sër at different stages of 
“arning within the same project. The assumption that such sër Citienestaee 
ferent stages of learning will have precisely the same (y's rs ee 
a a little demanding on reality, We have already seen that a ee a 
rat © standard deviations of the slr differences for successive trial s a e 

S of the calibration study, at the different stages of learning, shows 
ed variability. What reason is there to assume that the various distri- 
Show any less variability with respect to other characteristics, 
8 62? This would obviously mean that, even tuho a given study, 
€ value differences are not “in terms of the same unit, and indeed no 


Mark, 
_ Utions 
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2 . 
Juous scale can arise. 


ie aie Tequirement that all quantifications of reaction potential be on 
tate € scale and in the same units is a rudimentary requirement dic- 
Rroy, Y the logic of measurement. There is, however, a position geinitg 
Since among psychological methodologists (e.g., 4, 18) to the effect t } 
tion A Mensurational scales are essentially approximations to the condi- 
Eng emandeq by the logic of measurement, the critical test of a 

“rational technique should be its fruits in mediating quantitative 
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consistencies among lawful empirical relations. When a mensurational 
procedure deviates from the formal requirements of measurement to the 
extent that Hull’s “quantification” of sEr does, it becomes autistic to 
believe that such a procedure could conceivably lead to empirically fruit- 
ful consequences. Nevertheless, it is clear that Hull intended such con- 
siderations to serve as the critical test of his methodology. 

Hull is very explicit about this in the foundation article of the quanti- 
fication sequence (64)—A Proposed Quantification of Habit Strength. 
We will recall that after their pointing out that the “excellences” of 
physical measurement “have been found in the facts of quantitative 
consistency of the results of measurement with related phenomena and 
the . . . extent to which they have facilitated the simplified systematic 
organization of the field,” Hull goes on to say (64, p. 252): “Similarly, 
the present and all other proposed methods of behavioral quantification 
must depend for their validation, at least in part, upon the quantitative 
consistencies and systematizations to which they give rise.” Recall, fur- 
ther, that Hull cites two concrete examples of the possibilities for making 
an initial evaluation of the capacity of the sEr scaling technique to 
mediate “quantitative consistencies” with “related phenomena.” The first 
of these requires that an gH, learning curve of the same form as that 
resulting from the initial calibration experiment should emerge from 
the application of a similar scaling method to “reaction thresholds in 
the case of conditioned winking of the type reported by Reynolds.” The 
second example, and one represented as a possible “critical test of the 
methodology,” demands that a fit of equations to scaled values based or 
two independent indicators of the same habit acquisition should result 
in expressions which agree both in form and in the values of their con- 
stants. Although the above suggestions for a test of the methodology were 
published in 1947, there is no evidence that these or any compara p 
determinations of validity were ever carried out. Indeed, there is not @ 
single instance, in any subsequent publication, of an attempt to assess the 
consistency of the results of the scaling procedure in terms of its applica- 
tion to two independent sets of data. In one of the two published studies, 
other than the calibration experiment, which employs the scaling proce- 
dure (141), Hull found internal evidence which led him to conclude that 
(p. 199) it “is quite possible . . . that this unit [sEr in sigmas] coul 
vary from one situation to another and especially from one type of be- 
havioral process... to another... .” Despite these circurnstance® 
and despite the wide and obvious departure of the method from the 
formal requirements of measurement, the quantificational results of th 
calibration experiment (and the study just cited) are allowed to rami 
into every part of the new theory. : 

In publications subsequent to A Proposed Quantification of Habit 
Strength, the demand that the methodology be validated in terms of the 
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quantitative consistency of its results with related phenomena undergoes 
a subtle reinterpretation. To take but one example, the next article in the 
quantification sequence—Some Functional Relationships of Reaction 
Potential (sEp) and Related Phenomena (15)—gives promise, in terms 
of its title, of carrying out precisely the type of validity determination 
Mentioned above. Actually, what Hull does in this article is to put 
forward some twelve equations, all of them deriving, in one way or 
another, from the basic scaled (and unsealed) data of the calibration 
experiment, 

For example, equation 1 (15, p. 513) is the foundation equation for 
sn as a function of the number of superthreshold reinforcements (N). 
Equation 2 (15, p. 514) is merely the definitional assumption that the 

absolute zero” (Z) of reaction potential lies two reinforcements below 

the threshold. Equation 3 (15, p. 514) gives the scale value for Z as 
derived by the substitution of “—2” for N in equation 1. Thus, we now 
ave a number for the scale distance separating the absolute zero of 

Teaction potential from the threshold (Z = —.426). From this and equa- 
‘on 1, it is now possible to write equation 4 (15, P. 515) which specifies 

ZR 48 a function of Ñ (number of reinforcements from absolute zero). 
Other equations in the sequence are of the order of the equation for sH. R 
as g function of Ñ (equation 8, P- 516) which, as we already know, is 
essentially equation 1 with its coefficient omitted, and equation 9 (15, P- 
a Which is the fitted equation for sHx, as & function of the median 
“tencies of the calibration experiment. 
n the final paragraph of this article, 


i a ally, attention may be called to the ay 
b ction potential upon which the most of the 4 f 
ai as satisfied the raonako test of fertility in the following zereat i 
Setting COBY for quantifying reaction potential ee a, Lae be os ioa! 
fire, 8 has yielded a number of equations, several of which hi ; 
ton 8pproximations io potential primary molar behavior laws, the determina- 
of parameters involved in such laws, or both. 
s “Pragmatic test of fertility” that Hull is referring to here has plainly 


ng to i i t of validation in terms of “quantita- 
do with the pragmatic test ot va ; i n that 


artigo Sistencies” of the sort referre 
i consistencies” involve the 4g! 
the methodology to related empir 
on, the entire analysis remains y tke prame ) 

din a Quantificational study. The only “fertility” in evidence is the 
arhit nstration that given the initial equation 1, and a a amaa 
to n ary theoretice finitional assumptions, it becomes possible 
a toel pna gein formations (e.g., equations 


Write : 
8 a number of relatively simple trans ~ ) 
ity gf). Tn not one case avec transformation test the empirical valid- 


ity 
x Plausibility of either the quantificational methodology, or the 


Hull remarks (15, p. 526): 


that the method of quantify- 
e conclusions listed above are 


lons k 
Connec i 
Ofin. 
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resulting s#n learning curve, or any of the other assumptions which 
mediate the equation sequence. We may add that in every other instance 
in which Hull discusses the “fertility” of the quantificational method, the 
attempted demonstration discloses only an illusory fertility of the sort 
just considered. 

Before closing this section, it should be recorded that there is reason to 
believe that Hull, himself, had grave doubts about the feasibility of his 
quantificational procedure. Although much of the time he succeeded in 
suppressing these doubts, there are many evidences in the tone of his final 
publications of a degree of tentativeness far in excess of his earlier writings. 
We have already indicated that in the second of the published experiments 
which employ the scaling method, Hull was forced by the evidence to admit 
the possible failure of the technique. This study by Wilcoxen, Hayes and 
Hull will be discussed in detail in a later consideration of the inhibition 
postulate. Towards the end of Essentials, Hull makes a statement that 
again goes further than a protestation of tentativeness. This arises in con- 
nection with the presentation of the finding, mentioned above, that the 
o’s of sip (and thus sOn) dispersions, vary for different trials of training. 
He says (pp. 99-100): 


Since the dispersion of sO, is the unit of quantification of Ep in the present 
system, the variability . . . suggests a serious problem. It is true that in & 
certain sense the Case III methodology devised by Thurstone, with its og, largely 
equalizes the gOp units actually utilized in any particular quantification. One 
trouble with the quantifications employed to date is that in our experience the 
various portions of the learning process are unequally sampled by this proce- 
dure . . . , so that in effect a more or less different unit is used in each study. 
This means that within any given quantification the unit is approximately con- 


stant—namely, the cg, though different quantifications are not exactly com- 
parable with one another.4¢ 


This admission of “serious difficulties” is left hanging in mid-air in 
Essentials. Quite aside from the possible implications of such difficulties 
with regard to the bankruptcy of the entire quantificational method, it 
is evident that they represent critical deficiencies in the specific quanti- 
tative findings which have so far resulted from application of the method. 


i “The „difficulties that Hull alludes to here, while severe, are not as final in theif 
implications for the method as are certain of the ones already considered in the 
text. Thurstone’s ¢x—which presumably yields a correction for variability in t 
sigmas of the difference dispersions at different points on the seale—yields oP 
an approximate correction, and Hull seems to acknowledge this. As for the fact 
that different studies unequally sample different portions of the learning proces: 
this is merely a reflection of the circumstance that Hull selectively scaled sine 
for only 25 of the 60 or more trials of the original study, while other unscale! 
studies, the findings of which are in various places combined with the sEr equation: 
were obviously not so treated. What is of interest about this statement is Hull’s 
admission that difficulties with the initial quantificational findings, suficientlY 
severe to call into question whatever part of the new theory is based on thew 
application, exist. 
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It is these findings which have determined the content of many of the 
assumptions advanced in Essentials. Thus we have here a kind of implicit 
disclaimer, on Hull’s part, of much of the new theory. 

In summary, the argument of this section is that evaluation of the 
sp Scaling method in terms of Hull’s stated criteria discloses a failure 
to satisfy these criteria, in every case. 

b. Evaluation of the procedure of postulate construction. We have al- 
ready tried to show that the procedure of postulate construction employed 
in the new theory was largely determined by the nature and results of the 
method for scaling sZp. Thus, evaluation of the scaling technique is in 
Many respects tantamount to an evaluation of the method of postulate 
Construction, Nevertheless, brief consideration of a number of issues in 

is connection will enable us to arrive at a fuller characterization of the 
Status of the 1949-1951 theory as against the theory of Pr.B. Accordingly, 
i this section we evaluate Hull's new technique of postulate construc- 
tion with respect to: (1) the problem of inferring intervening variable 
functions from empirical functions, and (2) adequacy of the induction- 

sis, 

(1) The problem of inferring intervening variable functions from 
empirical functions. By an “intervening variable function,” we will mean 
à statement having the form of an empirical law which relates (a) two 
or more intervening variables, or (b) one or more empirical variable (s) “7 
With one or more intervening variable(s). , 3 

Y an “empirical function,” we mean a statement having the form o 
An empirical law which relates two or more empirical variables. The 
prob em involved in constructing “intervening variable functions” from 
Mpirica] functions” is often rather inexactly referred to in some suchi 
as 5 mo problem of inferring learning relationships or “processes 

riormance data. 8 

e haye seen, Noy n of points, that Hull recognized the problem 
criti tructing intervening variable functions from empirical ones as 
Bite Problem, We will recall that the solution of Pr.B. was = rie 
fun, nt one, eventuating in the direct transfer of the empirica! variable 

Ction forms to the postulated intervening variable function forms, in 


i iri : i sider correspond to the 
. “Mpirical” vari the cases we will consi 7 
Such ute Silesian ont denne variables of Hull’s theory. Hull considers 
have variables as direct “opaervableg” and, in practice, equates them with what we 
Actua med the experimental independent and dependent Ta ra erR semie, 
Varian)? the probl tion of systematic independent and dependen 
ables fret riage Onin independent and dependent variables 
*atisfacter tical problem of great complexity (related, re corae i thp ponte, of 
heo TY “o; : re definition) which Hull and most other 
; per: ” eal defini l l c ot! 
itse largely See es aie bi a as in all preceding discussions of similar 
Pendent” are forced to follow along with Hull and speak as if systematic i 
Variables and dependent variables = experimental independent and dependen 


P ien 
= empirical variables. This is a very gratuitous “as if. 
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the case of most of the assumptions in the theory. It will also be recalled 
that Hull apparently felt he could avoid this difficulty in terms of the new 
quantificational procedure. The rationale behind this might, once more, be 
retraced in the following terms. 

The dependent variables of all empirical functions are, by definition, 
sEp (“performance”) indicators. If a scaling technique exists for trans- 
forming sEr indicators into “genuine” quantitative measures of sEr 
then a bridge exists between all empirical dependent variables and at 
least one key intervening variable (s#@z). If now a number of rational 
assumptions are made which (1) identify other intervening variables of 
which sEpr is a function and (2) posit certain very general formal rela- 
tions as holding among these variables, then a mathematical analysis of 
the components of quantified sEr functions may reveal the detailed 
quantitative relationships between the other intervening variables and 
liz. In this way, one can presumably get (a) from any given empirical 
function to a corresponding intervening variable function in terms of sEr 
and (b) from the intervening variable Ep function in question to other 
intervening variable functions which are constitutive of gEr. 

We have already tried to show how Hull applied this methodology to 
the construction of the postulates which determine the primitive constitu- 
tion of sz (postulate III through IX). Here it should be added that the 
same logic is used in the construction of all other intervening variable 
functions in the theory; e.g., in the case of the inhibitory assumptions, 
by analyzing equations based on empirical functions whose independent 
variable conditions presumably legitimate the phrasing of the dependent 
variable of the equation as sz, rather than s2p. 

Our previous account, however, was restricted to a presentation of the 
program for quantification and postulate construction in its relation tO 
the content of the new theory. But we already know too well that the 
only extant scaled s#p values derived from the foundational latency 
study (13), and to a lesser extent from the two remaining studies (141, 
146) which employ the scaling method. Thus, the only presumptive s% 
equations having the status of intervening variable functions (by Hull’s 
criterion), and thus legitimately available for the construction of postu- 
lates, were the ones deriving from these three studies. It follows that the 
construction of most of the postulates in the theory must proceed from 
the analysis of empirical functions in which the dependent variable 1$ 
not scaled sEpr, but an sEpr indicator. In this very real sense, Hull in the 
1949-1951 theory is doing precisely what he did in Pr.B.: he is directly 
imputing to intervening variable functions the characteristics of empiric? 
functions. The entire quantificational program calculated to avoid tP 
practice remains a program, and the practice continues. 

Hull indirectly acknowledges this practice early in Essentials, 


whe? 
he is citing the Perin-Williams equations to demonstrate that their 6 


2 


CLARK L. HULL 137 


efficients vary as a function of D, while the exponential constants do not. 
He says (p. 34): 


In Teporting their studies these authors utilized the number of unreinforced re- 
action evocations (n) instead of sp, because these values are quantitatively 
Somewhat similar to «Ep and the true Ep determination was not available at 


zae time. As an expository device, we accordingly used the symbol şE’pg instead 
either, 


From this point on, virtually every equation in the book, the analysis 
of which is used for purposes of postulate construction, is in terms of 
sE'’r, not sEpr. 
_ (2) Adequacy of the induction basis. Since the “quantitative” equa- 
tions deriving from the calibration experiment comprise either the full or 
Partial basis for the construction of virtually every postulate, an over-all 
evaluation of the adequacy of the induction basis need not detain us for 
Ong. The pooled reaction latencies of fifty-nine rats provide a slim empiri- 
eal basis for any theory of behavior, independently of what interpretation 
S Made of the scope of the 1949-1951 theory. If Hull intended this theory 
aS a Completely general one, so much the worse; the situation improves 
a slightly, however, if the theory be interpreted as a rat theory, or a 
Manipulandum-operation learning theory, or indeed even a theory 
zut manipulandum-reaction-latency in a modified Skinner box. 
Ssuming that the scaling technique were entirely satisfactory, there 
still remain reason to believe that the data of the ena le A 
th t per se are inadequately described by the equations tiiat represen 


n. For instance, Hull admits, at one point (15, pp- 520-522), that of 


“thre * „PI ered 

ce different e uational forms” which “were originally considered as 
tns bilities for the representation of sx = f (N),” the one which gave 
tho est fit was a log function. Yet, because “the simple learning orn 
Othe aPproach a genuine maximal asymptote” (p. 522), one of the 


i ion which ulti the th 
of Ig qluations, the growth function which ultimately entered the theory 


3 i i i dmits (15, p. 
522) 1951 as its basic equation, was chosen. Again, Hull admits (15, p 


dat, lat “there is... an extremely obvious defect i the ican 
fact 4 rom which the quantifications of sp were made. Er the 
are atency records of animals of quite different rates o a a 
Vales led.” Hull then indicates that, in the original study, sets of sën 
datas haq been calculated both for Vincentized and non-Vincentized 
of yy Ut that in “Thurstone’s linearity of slope tests for the normality 

i did not show up nearly so 


523) .*8 The non-Vincentized 
ts a set of calculations (15, p. 524) de- 


i b learners 
ling the data of fast and slow | 
re lier trials, but one “so slight” as 


Si Atep à 
brod to ah the same article, Hull presen 


of “Nees Ñ row that the actual effect of poo 


ing? justig Lortio i inly to the ear ‘ 
"Meenas [eae mes veesis that, in general, the 
Poentie” git labor of the Vincent procedure. He suggests 


earning data may be unnecessary. 
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results were accordingly used. Nevertheless, in an earlier article (13) 
concerned with deriving the law of reaction latency as a function of the 
number of reinforcements from the same data, Hull reports alternate 
equations which are based respectively on the Vincentized and non-Vin- 
centized latencies. In this case, he concludes that “the one based on the 
Vincentized latency values is believed to be distinctly the more significant 
of the two” (13, p. 228). Consequently, the equation for the Vincentized 
latencies is represented as “the best approximation of the quantitative 
molar law relating str to N.” 

In this latter study, there are further clues as to how well the fitted 
equations can represent the empirical findings of the basic latency study- 
It is made clear that the data showed great variability and skewness, 
both with respect to the successive post-asymptotic trials of individual 
animals, and with respect to individual differences among average post- 
asymptotic latencies for the fifty-nine animals. So great was the sprea 
between mean and median latency values for the various trials of training: 
that Hull felt impelled to “fit” equations to both sets of values. Thus 
four equations in all—one each for the mean and median values of the 
Vincentized and non-Vincentized latencies, respectively—eventuate from 
the data of this study.t? Needless to say, equations for the means an 
medians turn out to contain markedly different constants. Since there 1$ 
also substantial disagreement between the pairs of equations for the 
Vincentized as against the non-Vincentized data, it becomes anyone's 
guess as to which equation best describes the data. If we add to this 
fact that (p. 224) “the explorational nature of the present investigatio” 
does not warrant the great labor involved in the complete least squares 
fitting techniques” (a short-cut method of estimation being used), ? 
becomes something of a guess as to whether any of the equations beat at 
accurate relationship to the data. 

Insofar as Hull uses studies other than the calibration experiment Be 
the inductive basis for various elements of the 1949-1951 theory, *. 
treatment accorded these empirical materials is even more cavalier. b 
is evident in the extreme selectedness of the data chosen to sugee? 
construct interrelations; the tendency to twist data gathered for quite 


Hull “believed” the “medians . . . to yield the more significant measures” u 


p. 228). Accordingly, the equation finally selected as the best representation ot ead 
law for ste as a function of N, was the one based on the median Vincenti re 
latencies. The difficulties and restrictions stemming from high variability 3? jie 
data taken as induction basis for postulates are not new to Hull. Most of the eo} te 
work done with the Yale modification of the Skinner box (e.g., 103) yields a 
distributions characterized by high variability, and the convention at Yale 0 T n 
ing such data in terms of medians is an old one. Thus, many of the equations 368) 
in Pr.B. are for medians. I. J. Saltzman and the present writer (109, pp- 39% on 
have argued that so great is the variability in the distributions of estint for 
measures deriving from the Yale-Skinner box, as to make the data uP 
purposes of formulating quantitative behavior laws. 
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different purposes to the demands of the theory; the practice of fitting 
equations to data which are inappropriate for quantification; the casual 
attitude towards the number of data points and the goodness of fit; and 
the willingness to make remote inferences by combining arbitrary calcu- 
lations deriving from unrelated sources of data. In short, most of the 
canons of inductive “logic” are in some way violated. These tendencies 
Were only too obvious in the theory of Pr.B.; yet they are incalculably 
compounded in the 1949-1951 postulate set. 

At various stages in the preceding discussion, reference has been made 
to a number of empirical studies (in addition to the sEr quantification 
experiment) which have figured in the construction of postulates. Itemi- 
Zation of a few of these, together with a number of studies which have 
not thus far been mentioned, should provide an adequate sample of the 
inductive materials on which the new theory is based. We will neglect 
the following considerations the fact that most of the equations in 

Ssentials are in terms of sH’n rather than sEr. . e 

1) We have already noted that the logarithmic stimulus intensity 
Yramism (V) function is based on indirect reaction potential calcula- 
tons imposed on the data of a visual reaction time experiment (7) done 
= Cattell in 1886. The “reaction latencies for Cattell’s two subjects” are 
of geed and then converted into equivalent reaction potentials by means 

he modified form of an equation which recently became available 


Bs, P. 44), The equation referred to is, of course, the equation for sEn 
meng Petion of latency which was derived from the calibration experi- 


2) 


Tespecti 
Ch cti 


r learning curves given by 
espi {f 


or rat otion as a function of training trials, 

ie varying bce rer reward. The resulting equations pre- 

Vario Y show that “the coefficient representing the fitted asymptotes 
(75 S SYstematically with variation in the incentive magnitude (w) 

threg » 49). However, the “available data . . . are inadequate since only 
Of the... learning curves were adequate for equation fitting 


P49). Thus, in order to determine the incentive motivation func- 


ull fits i ve of the empirical “asymptote values 
an equation to fi » Nevertheless, he notes that the 


to the coefficients” of the three 
“except that all have considerably 
d seem to imply that the original 


Placed “S Were poor, And if these fits are poor what credence can be 


ìn the substance of what these equations are claimed to demon- 
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strate: namely, that “the numerical constants in the three exponents 
are about the same” (pp. 48-49), but that the coefficients vary. 

It should be added that the same Crespi data, as represented by 
postulate VII (the incentive motivation function), are further utilized, 
and even more gratuitously elaborated, in the analysis of “The Problem 
of the Behavioral Summation . . . of Incentive Substances” (75, pp. 70- 
72) that produces corollary vii of the new theory. 

3) The findings of the Mowrer-Jones study (100) on resistance to 
extinction as a function of work are heavily leaned upon for the con- 
struction of an important part of the inhibition postulate (postulate X.E. 
75, p. 81), and for the formulation of corollary ix (p. 84), another element 
in the present analysis of inhibition. Yet it will be recalled that these 
investigators employed but three different settings of their independent 
variable (grams required to depress the Skinner box lever). This yielded 
three data plots for the fitting of a function which has played an im- 
portant role in both the 1943 and the present theories. 

4) In like manner, several of the other studies which had only 2 
questionable value for the purely “programmatic” quantification in Pr.B. 
are still used in the altered quantitative context of the new theory. For 
instance, the thin strand of evidence provided by the Hovland experi- 
ments (23, 24) on pitch and intensity generalization for the constructio? 
of the 1943 form of the stimulus generalization postulate, still figures 
prominently in the current analysis of generalization (75, pp. 86-92). 

The Perin-Williams study (103), which in 1943 defined the role of 
in the determination of sz, is currently used, in supplementation of the 
“scaled” Yamaguchi (147) study, for the same purpose. Its systemat!? 
burden, however, has been markedly increased. It now is used, in combi- 
nation with the Mowrer-Jones experiment, to provide the basis for B 
tenuous set of calculations designed to yield information about the Jo” 
relations of “the total number of unreinforced reaction evocations” (” 
and the amount of work (W) to net inhibitory potential (Lp) (75: PP’ 
80-85). This supplies the basis for corollaries ix (p. 84) and x (p. 85): 
Finally, the Perin-Williams study is used to provide the foundation for 
part A of postulate XVII (p. 112) on the reaction potentials acquired | 
massed reinforcements, as a function of the median number of extinctio” 
reactions. Whether the highly variable data of the Perin-Williams ee 
periment are suitable even for the fitting of the original descrip 
functions is open to question (109, pp. 364-368). The situation approach?” 
absurdity, however, when these data are operated upon in accor an’ 
with the remote and arbitrary chain of assumptions of the forego” 
applications. T 

As a final point in this section, it should be emphasized that under 
lying the use of all data in the 1949-1951 theory, as in the theory 
Pr.B., and as in Hull’s theoretical thinking generally, is the tacit ass" 
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oy fundamental behavior laws of unspecified generality can be 
ra from single “curve-fitting” experiments, independently of any 
aeie of the generalization ranges within which the findings can be 
Boon to hold. The limits within which a finding may be bound by the 
noe: empirical conditions of a study is a question that never seems 
atie n Hull. Quite aside from any deficiencies in the logical and mathe- 
F al inferences made from data, every empirical study used as the 
isis of Hull’s theory, in any of its variants, is open to suspicion from 
18 point of view. 


C. A SAMPLING OF FURTHER CHANGES 


Mk coming years, the impact of Hull’s work will be defined by 
ie a of the general hypotheses that he has contributed or elaborated. 
1949 195 is desirable that we examine the fate, as between 1943 and 
ar be 1, of a number of the Hullian conceptions which have not so 
Daie en considered in our discussion of the new theory. In the following 
er fe then, we itemize a sample of additional changes and innova- 
öt shit register the terminal status of Hull's thinking on a number 
ee issues, We discuss, in turn: (1) secondary reinforcement and 
race ary motivation, (2) the inhibition assumptions, (3) the stimulus 
assumptions, and (4) the problem of constants in behavior laws. 


ls 
°condary Reinforcement and Secondary Motivation 


Sisa the major assumption made available for the analysis of 
ing nomena of secondary motivation was the “principle” of secondary 
oreement.59 This assumption was embedded in the formulation of 
ne principle of reinforcement (postulate 4, P. 178), and so 
Ssuny nted a postulated element of the theory. As there stated, the 
Yeg Ption simply maintains that an increment of habit strength will 
a rh only when an s-r coincidence is followed by “the Cota 
us yyy ed (Primary reinforcement), but also when followed by “a stimu- 
tio; uch has been closely and consistently associated with the diminu- 
the fo & need.” Despite the fact that “secondary reinforcement” had 


orma] status of a postulate, Hull showed much concern over finding 


ionale that might make this arbitrary assumption intelligible. He 


; , of cou $ that the principle of secondary reinforcement 
m the S20 other pode ig ten In 1943, this assumption figured importantly 
Priman tivation of the extended “goal gradient” from the short gradient of 
sa pp. 142-146). Hull's analysis of second- 

t reason to believe that he had sub- 


adient” aken over, at least in part, explanation of the primary 
ti rem a reinforcement in terms of immediate secondary reinforcement. It must 
y -1951 theory—whatever the interpreta- 


ered . A 
c d, of course, that the 1949. . 3 
Onstig, the Laie longer regarded as associated with the 


~~ Teinfore ; iti 
Var; atuti orcement gradient—it 1s no °C A p 
a ble zn Of sHe, but enaar sEr as mediated by the delay in reinforcement 
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seemed inclined towards the view that (56, p. 100) both forms of rein- 
forcement “are at bottom, i.e., physiologically, the same” and put forward 
the hypothesis that a “secondary reinforcing stimulus acquires its 
power . . . by virtue of having conditioned to it some fractional com- 
ponent of the need reduction process.” 

Aside from the purely conjectural nature of the foregoing hypothesis, 
we should note that “secondary reinforcement” contained grave limita- 
tions as an account of the phenomena of secondary motivation. It could 
deal (at some level) with the circumstances under which “Jearned re- 
wards” were built up, but it could not, except in an incorrigibly ad hoc 
fashion, deal with the conditions under which acquired drives were 
formed. The principle provided no mechanism which could characterize 
that (the drive, motivational system, what not) which was being second- 
arily rewarded. Miller and Dollard (96), however, had already before 
the appearance of Pr.B., put forward their now well-known acquired 
drive hypothesis—which seeks, within the framework of a reinforcement 
theory, to account for the genesis of learned drives in terms of the 
association between a neutral stimulus and the “strong” internal Te 
sponses characteristic of a primary need. It seemed curious, during the 
years after the publication of Pr.B., that some similar hypothesis Wa 
not added to Hull’s theory in order to supplement the principle ° 
secondary reinforcement in the treatment of acquired motivation® 
phenomena. 

In the 1949-1951 theory, precisely this latter has been done. The theory 
now contains both an acquired drive hypothesis and a secondary pon 
forcement hypothesis: corollary i on “secondary motivation” (75, P- 25)» 
and corollary ii on “secondary reinforcement” (75, p. 28). " 

Notice that secondary reinforcement is now offered as a “corollary, 
not a postulate. The ground for this change is apparently a further spe” 
fication of the tentative suggestion of 1943 to the effect that the seco? i 
ary reinforcing stimulus acquires its potency through association 
“some fractional component of the need reduction process.” It ig BO 
held (75, pp. 27-28), in accordance with an analysis recently advance 
by Miller (99), that primary reinforcement brings about a relaxati” 
of the “autonomic activity” associated with the presence of the prime e 
drive. This “relaxation process” presumably becomes attached tO sn 
“stimuli active at the time, together with the traces of earlier stimuli, 
including the proprioceptive stimulation resulting from earlier activit 
The relaxation—which is identified as giving “rise to conditioned i? i 
tions” —“generalizes forward on those traces” and has the effect of xed a 
ing proprioceptive stimulus intensity which, in turn, “reduces the ye 
stimulus wherever it occurs.” But “a reduction in drive stimulus oe 
stitutes the condition of reinforcement. It follows that any stimulus © 
sistently associated with a reinforcement situation will throug 
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associati i 

a eu Hep power of evoking the conditioned inhibition, i.e. 
Vhe ; ' 

ae aie new account of secondary reinforcement is really a 
Hull's liste? r hesis, or a play upon words, is hard to determine from 
inhibition” is TR Note, however, that the concept of “conditioned 
Sate ourrert : used in a sense Which is given the term nowhere else 
can be given or former) theory. Note also that, insofar as this analysis 
the primary d meaning, it seems inappropriate to many cases in which 
ance (eg beat is of an approach (e.g, hunger) rather than an avoid- 
Y small po t) character, and in which reinforcements reduce the drive 
ittle of the "crements. Under these circumstances we can expect very 
present A TEREN relaxation” which apparently is the basis of the 
are felloe = Note further that, if the implications of this analysis 
of secondary 4 hrough, it would have the effect of making the amount 
S drive et a dependent on magnitude of the reduction in 
Postulate i us, while according to the present law of habit formation 
ae ty tes , the accumulation of sH pr in relation to primary reinforce- 
Systemic : 180 dependent.®! In this manner, does the general extra- 
Ward in et aan about the basis of secondary reinforcement put for- 
: eon become translated into a detailed component of the 1949- 
ility, its : If the original conjecture was 4 remote theoretical possi- 
Owntigt further specification in the new theory converts it into a 
ght impossibility. 


2, Th 
e Inhibition Assumptions 


n our di : 
r discussion of Pr.B., a detailed an 


ates ( 
Do; 
lateg t stulates 8 and 9, p. 300) was presente 


alysis of the inhibition postu- 
d. The analysis was calcu- 


to 
poth in ei that these assumptions were among the most inadequate, 
ti Spite ode of formulation and empirical support, in the entire theory. 
“Ons e presence of many changes of detail in the inhibition assump- 


A 0 
videne the present theory, most of the major deficiencies are still in 
in the 1949-1951 assumptions, 


; against . record the principal changes 
Fa iet hose of Pr.B., in the following paragraphs. 
Wo compound postulates of 1943 (8 and 9), each consisting 
d to one postulate (X; 75, pp. 


One of the 1943 postulates (9) 


Condit; A 5 ) 1 
ae ditioned inhibitions . . - summate physiologically with reactive 
o 

“fective 7 Way out of this dilemma is to assume that sec 
thig ful ak in influencing sEr (performance) and not 
theg Position Hull would have wished to accept the systema! 
leq’ 3S one n any event, secondary reinforcement is nowhere sp 
Sut, of the direct determinants of «Hs, and so this alterna 


ondary reinforcement 
sip (learning). It is 
tic consequences of 
ecified in the 
tive must be 
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inhibition (Ir)” thereby producing net inhibition (r). In Pr.B., Hull 
had hinted at the possibility of deriving conditioned inhibition “from 
other principles of the system.” In the new theory this apparently has 
been done, as is indicated by the fact that sIp is introduced and implicitly 
defined in a corollary (corollary viii, p. 75). So far as can be inferred, 
the “derivation” is made on precisely the same basis as it could have 
been made in 1943.5? 

2) As we saw in detail, in 1943 the central ambiguity in the inhibitory 
assumptions derived from the failure to specify the extent to which the 
independent variables given for the determination of net inhibition (Ir) 
differentially affect the summative components of ip—reactive inhibition 
(Ip) and conditioned inhibition (sIr) (cf. pp. 37-39, this report). This cir- 
cumstance seemed peculiarly hamstringing, since a specific quantitative 
relationship was asserted as linking Ip and sIr in the production of İr 
(“physiological summation” as defined by part (a) of the mathematical 
statement of postulate 9, 56, p. 300), yet no functions were available 
which would permit—even programmatically—the independent calcula- 
tion of Ip and sIr. 

In Essentials, there is evidence of a recognition of the preceding set 
of difficulties. Part C of postulate X (75, pp. 75-76) states that Ir “sum 
mate[s] with sIę to make up an inhibitory aggregate (Ir), i.e., 


İr = Ir + sIr” 


But (75, p. 75) “unfortunately we do not have precise evidence as to 
the quantitative law of these summations.” Thus, in 1951, we at least 8° 
a relatively clear-cut indication that the inhibition assumptions are 
incompletely specified; that, aside from any other empirical or quanti- 
tative inadequacies, “postulate X” is not a postulate, but a program Q 
a postulate. 


Despite this honest recognition of ambiguity, the essential ambiguities 
of 1943 are still present in 1951. Part A of postulate X introduces the 


= The “derivation,” however, involves an ambiguity in the concept of sIr whit 
was already present in 1943, but is even more pronounced in the new theory: I a 


stimulus traces accompanying or shortly preceding” response termination ‘P: |. 
the reinforcing event causing this being the reduction of In due to the cessati 


ee fx 3 z ve 
of response. But the conditioning of “stimuli or stimulus traces” to Ir (reacts 


literally, this would mean that he is here introducing a mechanism which depen g- 
on the association of a stimulus and a drive. Since, in the 1951 theory, it 1 p ms 
able that Hull equates drive with the drive stimulus (Sp), the mechanism see 8 
ultimately to involve an association between one stimulus and another. Upes? 
associative connection is obviously at variance with the rest of the system- 
considerations make sIr a peculiarly indeterminate concept. i io) 
5 This is a variant of the Perkins-Day equation (56, p. 200; p. 223) the orig 
purpose of which was to define the law of habit strength summation. 
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notion of reactive inhibition in much the same way as part (a) of postu- 
late 8 (1943). Part B of postulate X assumes that reactive inhibition 
spontaneously dissipates” according to the same decay function of time 
that was assumed in part (d) of postulate 8. Part C of postulate X pre- 
supposes the construct of sIr—which is defined in corollary ix (1951) in 
much the same way as it was originally identified in postulate 9 (1943)— 
and is mainly devoted to the assertion (given above) that sIr summates 
With Ip to produce Ip according to an unspecified function. Parts D and 
P of postulates X are analogous in significance to (b) and (c) of postu- 
ate 8. Parts D of X and (b) of 8 link net inhibition (In) to the inde- 
pendent variable, “number of reaction evocations” (formerly designated 
n; now ñ). Parts E of X and (c) of 8 both link the independent variable 
Work” to net inhibition, E doing this in a considerably more indirect 
aer than (b).5! Nevertheless, just as was the case in 1943, the new 
MA does not specify how n and W differentially influence Ir as 
one sIr, but deals only with the relations of both to fr. In 1948, this 
ificulty lurked behind the muddy formulations of postulates 8 and 9, 
a seemed not to be recognized by Hull. In 1951, the difficulty is 
iquely, but clearly, pointed up by Hull’s admission that the relation 
oe Ir and sIp in the determination of Ip cannot, as yet, be specified. 
the difficulty remains. 


i Another set of changes is registered b : : i 
ction forms in certain of the inhibitory assumptions. This occurs m 


nop aetion with the functions attributed in Pr-B. to the relations between 
4 inhibition and the two independent variables just considered—“num- 
Aa reactions” and “work.” We discuss these, in turn. ; i 
‘en (b) of postulate 8 asserted that İr is a “simple linear increasing 
Dost, io of the number of evoeations.” The analogous part D of new 
sie, ate X assumes that “the Ip present . - - after the successive re- 
tiene cations is a positive growth function of Pata eo r 
aes fal)” za, p. GO). Thik ohanga ™ oi pe 


y the specification of altered 


u 
Sub. ; i te was “a positively 
ac ASSUM: osed simply that Jr we p 7 
taena Enption (0) of postulate, S apra gogy. Part B of nev postulate X 
a the “number: of unreinforced responses (n) producible by massed 
:” for “constant values of super reaction potential (7, p. 81). 
the Part E, together with a tenuous set oi i based on the joint use of 
Coro], ©Wrer-Jones and a portion of the Perin experiment, Hull tries to derive two 
f aries, The first of these (ix, p. 84) expresses net inhibition as a function of W, 
constant value of the number of extinction responses. The second (x, p. 86) 
net inhibition as a function of the number of reactions required to produce 
ormon for a constant value of W. It is clear, then, that part E of X, different 
(throug, ation as it is from (c) of 8 mediates the oe of net inhibition to W 
2 Pap Corollary i i ot directly do so. : 
tery will pores ewe thong ee aia this change serves to eliminate a possible 
the a contradiction X ainted to in an earlier part of this report (p. 62): namely, 
(ropy Parent incompatibility of assuming that sHr accumulates as an asymptotic 
) function of n, while the fe is concurrently accumulating as & non-asy™mP- 
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cause it represents the only modification of the inhibition assumptions 
which is based on new experimental evidence, and the experiment in 
question is one of the three extant studies employing the paired com- 
parisons quantification methodology. 

This study involved the determination by Wilcoxen, Hayes and Hull 
(141) of effective reaction potential (sĒr) as a function of “the ordinal 
number of Vincentized extinction reactions.” Thirty-six rats were trained 
to traverse a distance of eight inches and push open a door to a food 
compartment. They were given one hundred such training trials (the 
last sixty of which were under differing conditions for various sub- 
groups), and then subjected to a massed extinction procedure until a 
five-minute criterion of no response.®* Since extinction occurred at differ- 
ing time intervals after training for the various animals, “each animal 
was given some retraining before his extinction trials began” (p. 196). 
Latencies, defined as the time between the opening of a start compart- 
ment “shutter” and the time at which the animal raised the food com- 
partment door a distance of one inch, were recorded throughout training 
and extinction. 

In accordance with the conventions of the quantification procedure, 
the raw latencies were regarded as reaction potential indicators. Since, 
however, the latencies here were for reactions occurring during extinction, 
they were regarded as indicators of effective reaction potential (sfx), i. 
reaction potential minus the net inhibitory potential produced by thé 
number of extinction responses preceding any given extinction response: 
The “considerable variability in the number of trials required by the 
different animals to meet the . . . extinction criterion” (141, p. 196) was 
indicated by a range of from 4 to 242 trials, the median being 44. Accord- 
ingly, “the record of each of the animals was converted to a comparable 
Vincent series of 44 intervals” (p. 196). The paired comparisons scaling 
technique was then applied “to 26 strategically located sets of these 
Vincentized latencies” (75, p. 78). To the scaled gH values a decay 
function was fitted, via the same short-cut procedure of “successive 8P- 
proximations” previously employed (13) for the determination of latency 
as a function of the number of reinforcements. 

It is this latter equation which Hull uses as the basis of part D, postu- 


totic (“simple, linear, increasing”) function. In the light of the analysis subsequently 
to be presented in the text, it is unlikely that this consideration was responsible for 
the change, or that it increases the plausibility of the new assumptions. ; 

In Essentials, Hull states that the animals “each received 40 reinforcements a 
walking eight inches and pushing under a light, sloping door to secure food” (7 
p- 78). The article (141) reporting this experiment, however, makes clear that ent 
animal received one hundred reinforcements, the “final sixty” of which “were give’ b 
under slightly different conditions for three subgroups of the 36 animals.” ar 
“differences involved having different stimulus cards attached to the response de 
. . . and were instituted for the purpose of investigating a problem not dealt ya 
in the present article” (141, p. 195). 
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late X. On the assumption that the reciprocal of sĒpr, during extinction, 
must be a direct registration of fp, Hull simply rewrites the negative 
growth function obtained for sEp as a positive growth function for Ip. 
This, of course, yields the substance of what is asserted in X.D. 

The results of the Wilcoxen, Hayes, Hull study are worthy of further 
Scrutiny because it is one of the very few studies which has employed the 
new scaling technique. The casual procedural details of the experiment 
are apparent in the above summary. What is not so far apparent—nor 
8 it made so in Essentials, where the results of the study are unqualifiedly 
Mected into the theory—are the implications of certain of the findings 
for the entire quantificational program. In particular, the investigators 
*eport (p, 198) a “relatively narrow range in sip values” (1.840 units) 
28 resulting from the fitted equation. But the first 40 of the training trials, 
it develops, had also been scaled, “and the value for s#r at the asymp- 
tote of latency amounted to slightly over 4s units.” Since extinction 
Would seem to demand the neutralization of precisely this latter amount 
ol sEp, the authors conduct a search for the missing 2.16 + o units.’ 
After an explanation for a part of the discrepancy is hypothesized, the 
earch terminates in these words (141, pp. 198-199) : 

The st lik ` i i remaining discrepancy appears to 
be that die aay poetveaiion stio 07 De scale A different from that in 

© extinction scale, Since the unit of these scales is based on the hacen in 
A ormance of the group of organisms used as subjects . . . , there is ee 
i Son to expect that the unit itself will vary in magnitude between situa inns 
n which there is different variability among the subjects. It is quite possi He, 
fı ae Ore, that this unit could vary from one situation to another and especially 

One type of behavioral process (learning) to another (extinction). 
pa goa be difficult to formulate a more definite admission of the failure 
© entire quantificational method. PEEP ' 
ade from the deficiencies in the evidence on which X.D. is based, it 
cong terest to note that the use of the new technique of pesha 
fer Struction in part D of this postulate, but not in preceding parts, con- 
Pap à Peculiar “methodologically mixed” status on the entire assumption. 
rt F “u usly dissipates” according to 
dist Which asserts that Ip “spontaneously a As 
ori -cay function is based on the same unscaled data (1 ) as was the 
Do ot Counterpart of this assumption in 1943. Thus, within the same 
enS Hull is at different points perpetuating his ea practice % 
fines attributing the characteristics of what we have cal ed empirica 
tons to intervening variable functions, and trying to avoid this. : 
betyre Second change in function form has to do with the wa h 
zonip (work) and fp. In 1943, it was simply assumed (on the basis 


eal factor whi on, does not take into account is the very 

Rot, reability ot or aged inte criterion of failure Es — 

Me ha a tineti not, of course, suggesting tha e stu 
uq have e k a mat if Hull had considered this possibility. 
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of the Mowrer-Jones study) that the “amount of net inhibition .. - 
generated by a sequence of reaction evocations . . . is a positively ac- 
eclerated increasing function of the work . . . involved in the execution 
of the response” (56, p. 300). Now it is assumed (75, p. 84) that: 

For a constant value of n [total number of reactions required to produce 
extinction], the inhibitory potential . . . generated by the total massed ex- 
tinction of reaction potentials set up by massed practice begins as a positively 
accelerated increasing function of the work ... involved in operating the 
manipulandum, which gradually changes to a negative acceleration at around 
80 grams, finally becoming asymptotic at around 110 grams (brackets mine). 

The above is the substance of corollary ix. Although the marked in- 
crease in the “localism” of the formulation may suggest a corresponding 
increase of empirical cautiousness on Hull’s part, the very indirect route 
by which this assumption is derived shows that this is not entirely the 
case. Let us retrace this route briefly: 

The new inhibitory postulate no longer contains a direct linkage of 
W to tp. Rather, part E of X links W to n for cases such that the “values 
of superthreshold reaction potential” are constant. It is assumed, in 
accordance with an altered form of the equation originally fitted to the 
Mowrer-Jones data, that (75, p. 81) n is a “linear decreasing function 
of the magnitude of the work . . . involved in operating the manipu- 
landa, i.e., 

n= A (a — bW)” 


The next step is to seek the law for n as a function of superthreshold 
reaction potential (sẸr). This is done by turning to the much exploite! 
Perin-Williams (103) data, choosing five of the groups of that exper- 
ment which had been extinguished under the same conditions but after 
receiving differing numbers of reinforcements during training, and co™ 
puting “reaction potentials . . . from these five N’s together with an 
of zero, which represents an approximation to the reaction threshold - + ° 
or zero n” (75, p. 81).58 An equation is now fitted to these sBx’'s 35 ê 
function of the obtained n (the total number of extinction responses) 
The resulting growth expression is then transformed into an equation for 
n as a function of sẸpr, to wit (equation 34; 75, p. 81): 


n = —87.7 log (1 — .25 sEp). 


Now, the altered Mowrer-Jones equation, as adapted to the conditions 
of the Perin experiment in which a 15-gram pressure was require 
activate the bar, is (equation 33; 75, p. 81): 


n = 325 (1.1476 — .00984 W). 


— e 

® We are not told kow these reaction potentials were computed. Since me 
equation fitted to them is represented in terms of s#z rather than s/n, the impieg 
tion is that the “basic” equation of the calibration study, for sr as a functio? 
N, was used. 
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It is assumed that the value of the n in equation 34 ‘‘corresponds approxi- 
mately” to the “325” in equation 33. The two equations are therefore 
combined into a single one (equation 35; 75, p. 82) which expresses n as 
a Joint function of sr and W. It is assumed by definition, however, that 
ae eenald reaction potential (sz) is equivalent to the amount of 
ee net inhibitory potential (r) required to neutralize it. Thus 
È an substitute Îr for sr in equation 35, and we come out with (equa- 
ton 36; 75, p. 82): 


n = [—-87.7 log (1 — .25 Ìr)] (1.1476 — .00984 W). 


ae mission of linking nand W to Í ris now, in some sense, accomplished. 
Sa ae kin of Îr as dependent on W, for a constant n, is calculated by 
See rarily setting n at 30, and then solving equation 36 for a series of W 
a a (ranging from 0 to 100 grams). The resulting Ir values are plotted 
a Unction of W (in grams), and the substance of corollary ix becomes a 
Taphrase of the characteristics of the plotted “theoretical” curve." In 
S Way is the function relating inhibition and W asserted in postulate 8 
”.B. revised in the new theory. ; 
<n comment on this “derivation” of corollary ix (or x, for that 
ness er) is hardly necessary. In this instance, not only do we find a loose- 
it T the use of empirical materials characteristic of the new theory, 
TA te “deduction” hinges on combining into a single equation sets of 
me calculated values based on two entirely unrelated studies. We 
reacti add to this that the calculation of certain of these values (the 
a potentials computed for the Perin-Williams data) presupposes 
ctails of a third study (the “calibration experiment,” 13) 


Perf, z 
Ormed under a still different set of conditions. 


37 F 
eg Stimulus Trace Assumptions 
ié e is evidence in Essentials of a far reaching set of changes in the 
th Ment of the “stimulus trace” and “afferent impulse” concepts, al- 
gh precisely what these changes are is very difficult to infer from 
Presentation, 
eng vil! be recalled that postulate 


ei 
the aon S (“stimulus energy”) 
Propa 


1 of Pr.B. (p. 47) links the independ- 
to the initial intervening variable of 


Cory, s, which is described as “an afferent neural impulse . . . 
dire lg along connected fibrous branches of nerve cells in the general 
of th ton of the effector organs, via the brain.” The postulated character 

e : 
lesg relationship between S and 


t s is, in part, a paraphase of more or 
8 : gx “Dur 
the omar neurophysiological findings. It is assumed that “During 


~y ued action” of S, the s, “after a short latency, rises quickly to 


ed to as relating Jn and n for a 


Cong Orollar š 
“Onst yg eferr ; 
ay which has already been T by substituting appropriate values 


in Stant y r 
duation ae of W is also, of course, “derived” 
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a maximum of intensity, following which it gradually falls to a relatively 
low value as a simple decay function of the maximum.” However, Hull 
points out in the text (p. 41) that certain “molar behavioral observa- 
tions” make it probable “that the after-effects of receptor stimulation 
continue to reverberate in the nervous system for a period measurable 
in seconds, and even minutes,” and he finds the basis of such “stimulus 
traces” (p. 42) in the demonstration by Lorente de Nó of the “existence 
of nerve-cell organizations which might conceivably serve as a locus for 
a continuous circular self-excitation process.” Accordingly, it is assumed 
in postulate 1 that after “the termination of the action of the stimulus 
energy . . . on the receptor, the afferent impulse (s) continues its ac- 
tivity in the central nervous tissue for some seconds, gradually diminish- 
ing to zero” according to a “simple decay function.” Thus, in 1943, the 
stimulus trace is equated with the afferent impulse, or at least the 
post-stimulational segment of the afferent impulse. 

It should also be recalled that the stimulus-response asynchronism 
assumptions, which are among the determinants of sHpr in Pr.B., are 
represented in an elaborate analysis by Hull (pp. 167-169) as ultimately 
derivable from the “neurological” characteristics of the “receptor dis- 
charge, or the intensity of the resulting afferent impulse” (p. 168). In 
their actual formulation in postulate 4 (p. 178), however, the asynchro- 
nism assumptions (both for the case of “brief” and “continuous” stimuli) 
are treated on a behavioral basis in terms of the time relations betwee? 
S and R, and not in terms of the afferent impulse (s) and the efferent 
discharge (r). It is clear, nevertheless, that Hull regarded the behavior® 
phenomena of trace and delayed conditioning as potentially derivable 
from the characteristics of s. 

A third point that must be recalled is the uneven and inconsistent 
usage of s, throughout Pr.B. Although the intention of the theory 38 
clearly to phrase all lawful relationships in terms of s and r, we saw tha 
(a) this was far from uniformly the case in the formulation of postulates 
and (b) practically never the case in applications, derivations, Or illus- 
trations. , 

In Essentials, the treatment of s in its relation to the “stimulus trace’ 
markedly changes. “Stimulus trace” gives way to “molar stimulus trace 
(s’) and a definite but indeterminately specified distinction is now ae 
tended as between the afferent impulse (s) and the molar stimulus trace 
(s’). As before, the afferent impulse “during the action of S on p 
receptor” rises in intensity “from zero very rapidly to a maximum @ 
which it gradually falls to an unspecified level” (p. 7). 


fter 


However, there is also reason to believe that s may not directly become ae 
forced to responses, but does so indirectly through some additional ™¢ t 
process of unknown physiological nature. The main evidence for this 18 
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the submolar impulse (s) from the receptor seems to reach its maximum sooner 
than the corresponding molar impulse (s’) appears to do so. Our knowledge of 
this molar afferent impulse is essentially indirect. This naturally produces great 
difficulty in our determination of its quantitative characteristics, and at the 
Ta time lays us open to special danger of making errors in so doing (75, pp. 


This is the only explication of s’ to be found in the new postulate sets. 
Clearly, the “great difficulty” encountered in the determination of the 
quantitative properties of the molar stimulus trace is paralleled by an 
‘ven greater difficulty in specifying its qualitative characteristics. No- 
Where in Hull’s earlier work is there a more dramatic example of the 
tendency to employ concepts which straddle physiology and behavior 
theory in a systematically ambiguous way. s 
„« Whatever the nature of this molar stimulus trace, it is evident that its 
molarity” derives, at least in part, from the fact that Hull proposes 
to infer its properties from the behavioral facts of trace and delayed 
conditioning, rather than those of receptor-nerve fiber function. Indeed 
(p. 8), “it will be more convenient to deal with the intensities of these 
Molar afferent impulses in the form of their equivalent functional stimu- 
us intensities” (S’). The construction of postulate II concerning the 
stimulus trace (s’), therefore, becomes a search for the law relating 
“duivalent functional stimulus intensities (S’) of the molar stimulus trace 
“nd the time (t) since the beginning of the stimulus. ; ' 
m Pr.B., when confronted with a similar problem in connection with 
© construction of the asynchronism relations, Hull had turned to the 
° ayed conditioning study of Kappauf and Schlosberg (82), and the trace 
°nditioning work of Wolfle (143). In the interim, two new experiments 
come available, the trace conditioning study of Reynolds (107), 
ac ue on delayed conditioning by Kimble (83). Both studies employed 
io, vitioned eye-blink technique, Reynolds’ trace data giving determinar 
Ons for four intervals after an .050” auditory stimulus, ranging from .250 
tine? and Kimble’s delay data giving six values, for durations = a 
Y uous visual C.S., ranging from .100” to 400’. Noting (75, p. 8) t at 
uch “evidence indicates that molar stimulus traces . - - have a brief 
Ment phase (’, é’),” and a “protracted - » - subsident phase (S', s"), 


F observing that (p. 8) “there does not appear to be much difference 
bries a e molar after-effects of a continuous stimulus and . > avery 
Dost Stimulus,” Hull feels justified in combining these data in seeking 
Paia IL. Accordingly, the following steps are taken: 

Perea 2ction potential values are calculated for the obtained response 


nique ages, at the various intervals, for the two sets of data. The tech- 
Riven <r computing these sHr’s is not mentioned in Essentials but is 
n in two “memoranda” (73, 74) under dates of February 7 and 


a R k 
ch 6, 1950, on the quantification of the stimulus trace, There it may 


C 


recru 
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be seen that the method employed must have an entirely different signifi- 
cance than the latency techniques already described. 

2) From the calculated reaction potential values, approximations of 
the equivalent S’s were derived. In Essentials, there is no indication of 
how this is done. The memoranda just cited show that the procedure 
involves a conversion of each sz value into V values by an arbitrary 
series of “solutions” of the equation on the constitution of sEr (postulate 
IX). These V values are then substituted in the very fanciful equation 
for V as a function of stimulus intensity, which had been fitted to the 
Cattell data (equation 10, 75, p. 44), and the equation is solved for S. 

3) Equations are now fitted to the calculated S values, the values 
from Kimble’s experiment being regarded as corresponding to the recruit- 
ment phase of s’, and those from Reynolds’ experiment as corresponding 
to the subsident phase of the trace. 

These latter equations, both of which turn out to represent S’ as power 
functions of time, comprise the substance of parts A and B, postulate II 
(75, p. 11). A final part of postulate II (C) assumes (on undisclosed 
grounds, but presumably in accordance with equation 10 for V) that the 
“intensity of the molar stimulus trace (s’) is a logarithmic function of 
the molar stimulus equivalent of the trace” (S). 3 

It is evident from the preceding account, that Hull’s exposition 18 
such as to render evaluation of the significance of the changes in the 
trace assumptions exceedingly difficult. Nevertheless, at least the follow- 
ing points seem warranted: 

In 1943, the intention was to derive the properties of the stimulus trace 
from the characteristics of the afferent impulse (s) as such. Howevel 
postulate 1, which implicitly defines s for the theory, and thus presumably 
the trace, is supplemented by the asynchronism assumptions in the law 
of reinforcement. These latter assumptions link the temporal relations 
between S and R (not s and r) to sHp (according to a “negative growt? 
function” for both the “brief duration” and the “continuous” case), an 
in effect it is these assumptions which mediate most of the “derivations 
within the theory of Pr.B. involving “quantitative” characteristics ° 
the stimulus trace. 

As always, the basis for the changes in 1950, seems to be the new 
quantitative techniques. Hull is, of course, no longer prepared to ma i 
inferences from any data other than performance-based sEr indicators? 
thus the attempt to treat the trace in terms of the afferent impulse (s) 
as such, must go. More importantly, the new quantification has le 


. . : . . j a 
a redistribution of variables such that sHr (in the guise of six) * 


i e 
function of Vi, and sEr a function, among other things, of V2- es 
must therefore be found within the new theory to carry the system” ie 


burden of the former asynchronism assumptions, i.e., to deal within 
new theory with cases such that the Vi or the V2 at the time of respo” 


CLARK L. HULL 153 


corresponds not to the objective stimulus intensity,®° but to the after- 
effect of a stimulus which has ceased, or the functional effects of a given 
duration of continuous stimulation. Postulate II is therefore constructed, 
m accordance with the new methods, to fill this requirement. 

In general, though, the confused treatment of the trace in 1943, gives 
Pate 4 to an even more confusing one in 1951. In Pr.B. the intention to 
maa up all theoretical relationships in terms of s, never gets very far, 

le postulational statements shifting indifferently from s to S. Neverthe- 
less, what gets directly reinforced is clearly identified (at least initially) 
as s. In the new theory (p. 7), there “is reason to believe that s may not 
directly become reinforced to responses, but does so indirectly through 
oe additional molar process”—the molar stimulus trace (s’). Postulate 
ton Essentials, therefore, introduces s’ (and S’) and defines its charac- 
of istics, But no other postulate in the present theory is stated in terms 
Sh A S’. The very next postulate, for instance (postulate III, p. 20), 
hee defines the conditions of reinforcement, identifies s as what directly 
i omes reinforced” to response. And similarly all other postulates are 
s raleta in terms of S or s, never S’ or s’. Furthermore, the tendency 
i r formulations to fluctuate indifferently as between S and s is as con- 
ee in the new theory as in the old. Thus, the two-pronged ambiguity 

the former theory is supplanted by @ three-pronged ambiguity in the 
current one, 


* The Problem of Constants in Behavior Laws 
ioe a in the analysis of Hull’s earlier work, Hull had given little 
pe. : eration to the significance of the empirical constants which ap- 
ared in many of the quantitative behavior principles he put forward. 
Sinn Was a serious omission because, without some assessment of the 
i Re of conditions over which these constants can be expected to hold, 
of a Possible to evaluate the potential fruitfulness of Hull’s technique 
ory construction, in any of its several variants. ; f 
Vah be sure, in Pr.B. Hull had assiduously avoided the insertion of 
©s for the empirical constants in the formal statement of postulates, 
su _ of the “derivations” of corollaries in that work seem to pre- 
But Se such parameters. In the new theory, & similar situation prevails. 


in the new tl ins h been taken to determine critical 
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Ta À ficational procedure, and the re- 


t only in the derivation of corol- 
tion of certain of the postulates. 
ks his silence on the question 
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of constants for the first time in any systematic context. His position 
(p. 116) is surprisingly conservative, to say the least: 


It is important to observe that the “eonstant” values... in the equations 
expressing natural laws are not necessarily constant. . . . Similarly, but much 
more markedly, the “constants” appearing in the laws of molar behavior are not 
constant. Presumably if a group of organisms strictly comparable in all other 
respects to those from which this equation [gH = 1 — 10.93%] was secured 
were tested on the same behavior form, a value within the sampling range of 
0305 would be again secured. But if older or younger or diseased organisms 
were used, or if a different genetic strain or a different species, and particularly 
if single individuals were used, presumably rather different exponential values 
would result (ital. and brackets mine). 


Hull had previously (59) indicated the intention to deal with “innate 
individual and species differences” in terms of differing values of the 
constants in behavior equations. In the above passage, however, the 
range of the factors expected to produce variability in these parameters 
has been enlarged. There may be a certain ambiguity in the phrase 
“same behavior form,” but it is an ambiguity which seems studied, be- 
cause it leaves open the possibility that the “constants” may be specific 
to extremely “local” characteristics of the habit mechanisms being dealt 
with. Indeed, it leaves open the possibility that a constant deriving from 
data based on the “behavior form” of pushing a manipulandum 1/16th 
of an inch to the left is a constant containing predictive implications 
unique to that particular activity. 

In accordance with such considerations, Hull introduces postulate 
XVIII (75, p. 117) into the new theory. It is worthy of quotation in full: 


The “constant” numerical values appearing in equations representing primary 
molar behavioral laws vary from species to species, from individual to individual, 
and from some physiological states to others in the same individual at different 
times, all quite apart from the factor of behavioral oscillation (sOp)- 


When we add to this blank-form postulate, the possibility that the 
“primary molar behavior laws” in question may hold only for a narrowly 
delimited “behavior form,” an immense restriction seems imposed on the 
theory. Even if every other postulate had a probability approaching 
unity, the theory could mediate only a very limited range of predictions: 

The restrictions conferred by postulate XVIII, and related consider- 
ations, on the 1949-1951 postulate set, may constitute an honest recog” 
nition of the primitive status of the theory. Such restrictions may indee 
have to be imposed on any quantitative behavior formulations attempt? 
in the present phase of psychology. Nevertheless, these reservations cap 
hardly increase confidence in the fertility of the specific quantitative 
functions that Hull has advanced, and the techniques on which thes? 
~a The matter had been considered with regard to the question of innate individual 
and species differences in a 1945 article (59). 
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functions are based. Moreover, with such reservations now explicitly 

within the theory, the question of whether Hull’s theory is of unlimited 

FEA wide degree of generality, becomes no longer a matter of interpre- 
ion. 

In concluding this section, it may be said with confidence that with 
respect to most of the issues considered—secondary reinforcement and 
secondary motivation, the analysis of inhibition, the stimulus trace no- 
tion—there has been no evidence of constructive advance since 1943. In 
One case—the problem of “constants”—there has perhaps been an advance 
in the sense of a more determinate specification of the restrictedness of 
the theory. Extensive changes there have been, but most of these, like 
the many alterations previously discussed, have been enforced by the 
relentless demands of an infeasible and prematurely over-elaborated 
Quantificational methodology. 

Other important Hullian hypotheses, such as “stimulus generalization” 
as “afferent interaction” have been altered, but much less radically than 
ie chosen for discussion. In these cases, too, the changes have been 
a Posed by the consequences of the new methodology. There is little 
Vidence that any of the changes in the new theory have been motivated 
= a careful assessment of theoretical or empirical plausibility, other 

an conformity with the new quantificational commitments. 


D. CONCLUDING CONSIDERATIONS 


: B have seen in the foregoing that the 1949-1951 postulate sets define 
é adically new theory. This theory is genetically related to the old in 
ate of underlying orientative attitudes and the general identifications 
in ea zinbles; but it differs in the relational and “quantitative” linkages 
‘connecting virtually every theoretical variable. Certain new varia- 
„°, both independent (e.g, stimulus intensity) and intervening (e.g., 
Va Ne r V, J, K), have made an appearance. Certain of the former, 1943 
ea ables (e.g., #”, p) have been dropped, and some have been sub-speci- 
(e.g., the acretion to N of N and Ņ). 
in the” the implicit or postulational definition of almost every construct 
the e theory has changed. Many of the explicit definitions, insofar as 
SA are given or are inferable from use, have been altered. Similarly, a 
the Proportion of the operational or empirical definitions, so far as 
exist, are either modified or completely new. 
€ have seen that among the most fundamental altered characteristies 
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2) A conspicuous, but uneven, increase in what has been ce 
calism” of the theory language, to an extent that makes i ifficu 
assess the intended and actual range of application of the t = bes 

3) Most fundamental of all, a new technique of postulare ie TUC A 
which is based, in turn, on a program for achieving the genuine” quanti- 
fication of major intervening variables. 


theory creates the initial impression of an hypothetico-deductive system 
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Nevertheless, the trend of the present analysis has been to indicate that 
all of the tendencies evident in the new theory were presaged in the 
theory of Pr.B., and in Hull’s earlier work generally. The new theory is 
not Hull at his best or in his most finished form, but its major deficien- 
cies can be traced to Hull’s long-range theoretical aims, orientative atti- 
tudes and methods. 

Side by side with the evidence of domination by these aims, however, 
there are evidences of another sort. There are strong indications that in 
the final phase of his career Hull was arriving at an honest recognition 
of the prematurity of certain of his theoretical objectives. We have had 
Occasion to note many examples of a heightened tentativeness, a stronger 
recognition of programmaticity, an increased willingness to admit diffi- 
culties and limitations, in Hull’s recent publications. The articles of the 
quantification sequence are replete with reservations and qualifications. 
Indeed, we have seen that at one place (141, pp. 198-199) Hull so much 
as admitted the failure of the new quantificational methodology. Another 
case in point is the new postulate XVIII on “individual differences.” 

Perhaps the most forceful indication of a change in Hull’s conception 
of the limits on the theoretically feasible in present psychology comes 
from an aspect of the new theory which at first may seem puzzling. This 
is the frequent occurrence of the highly specific expressions and “situa- 
tional” references in presumably general behavior postulates, which we 
have designated “localisms” of the theory language. Such compromise 
formulations are preeiscly what one would expect from a theorist who 
has perceived the prematurity of attempts at comprehensive theories of 
behavior, yet whose entire career has been premised on that objective. 

Whatever the degree of retrenchment in Hull’s final estimate of the 
feasibility of comprehensive or highly quantified theory, there are 
evidences of great insecurity with regard to the most fundamental as- 
sumptions of the 1949-1951 theory. One of the most s 
all of Essentials is inconspicuously embedded in the v ) 
postulate IX, the basic law of the constitution of reactio 
italicize this phrase in the following quotation of the law 
t of learned behavior at any ae stage 
of learning if itions are constant throughout learning and response 
ho i en by the drive (D) operating during the learning 
process multiplied (2) by the stimulus-intensity dynamism he the simaling 
stimulus in response evocation (V2), (3) by the incentive reinforcement (K), 


(4) by the gradient of delay in reinforcement (J), and (5) by the habit 
Strength (gH)... - 


The qualification introduced by this phrase is amplified further in a foot- 
note that Hull adds to the initial statement of the equation defining the 


constitution of s&p. It reads (75, p. 58): 


ignificant phrases in 
erbal formulation of 
n potential. We 
(75, p. 59): 


The reaction potential (sBr) of a bi 
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This equation assumes that D, V, K, and J remain constant during learning 
and response evocation. It is not general enough to cover cases where changes 
are made in these factors during the experiment. 


Examination of the nearly identical postulate set of 1950 (70), will show 
that neither the qualifying phrase, nor the footnote, appeared in the 
theory at that time. 

These changes, as between 1950 and 1951, impose so great a restriction 
upon the theory as virtually to legislate it out of existence. If the theory 
cannot mediate predictions for any situations in which either the stimulus 
intensity conditions (thus V), or the drive conditions (thus D), or the 
incentive magnitude conditions (thus K), or the delay of reward condi- 
tions (thus J) vary, then for what sets of conditions can it mediate pre- 
dictions? The theory would be limited to predicting the form of a stand- 
ard learning curve. 

What this qualification seems to mean is that Hull was prepared to 
reject the new sEr assumption, was sorry that he ever made it. It is en- 
tirely possible that the assumption was introduced into the theory before 
any attempt was made to calculate its consequences for changes in D, or 
V, or K, or J. It may or may not be significant that Seward (110) had 
pointed in 1950 to the altered potentialities, given the theory by this 
assumption, to mediate “latent learning” phenomena, and Spence (129) 
had raised questions about the altered consequences for such conditions 
as changes in J, early in 1951, before this footnote appeared in Essentials. 

That Hull was nostalgic about the state of affairs represented by Pr.B. 
seems confirmed by the following note which appears at the end of 
Essentials (p. 122): 


AN EARLIER ACCOUNT OF THE CONSTITUTION 
OF REACTION POTENTIAL 


The original published account of the constitution of reaction potential [here 
there appears a reference to Pr.B., p. 178, equation 16] was not clear owing 
partly to the expository difficulty of treating sEp, as distinguished from «Hp, 
before the principle of primary motivation had been presented. In current 
symbolism, the sp of the original equation, #16, should be changed to sEp, 
and the M, to D. The present account agrees in the general multiplicative re- 
lationship assumed at that time. It has one new factor (V) and omits one factor, 
that of the temporal asynchronism of the conditioned to the unconditioned 
stimulus in conditioned-reaction formation, - +.» (Brackets mine.) 


ing to justify the theory of Pr.B. 
shadowed the new sp, postulate. 
ly that Hull was trying to gain 
y establishing some kind of con- 


On the surface, this note seems to be try 
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Pari HI. General Conclusions 


A. TREND OF THE PRESENT ANALYSIS 


In the preceding part of this report, we have done what may be con- 
strued as a nasty thing. We have proceeded on a literal interpretation of 
some such proposition as: “Hull has put forward a hypothetico-deductive 
theory of behavior.” It can be fairly maintained, when a twentieth- 
century psychologist claims he has a “general” theory of behavior, or 
when someone claims this of the theory, that the word “general” is 
necessarily meant with reservation and that “theory” is a metaphor. 
Indeed, much evidence may be found, in the writings of a theorist like 
Hull, to support the contention that he was cognizant of programmatic- 
ity, evidence which we have not suppressed. In the present state of our 
ignorance, no one can seriously believe that a comprehensive, quantita- 
tive, hypothetico-deductive theory of behavior is possible. Yet, in the 
present state of our ignorance, many people want to believe this. 

The present analysis has gone on the assumption that there is a certain 
utility in exploring the dimensions of a metaphor. It is one thing to de- 
. tect the presence of a metaphor; quite another to derive its meaning. We 
must determine to what extent the more ambitious theories of the recent 
past are metaphors, in what specific senses they are metaphors, and why 
they are metaphors, if we are to derive from them whatever instruction 
they contain for the future of psychology. : 

Unfortunately, the only way to measure the “dimensions” of the meta- 
Phor is to proceed from a literal interpretation of what the metaphor 
asserts. Accordingly, our analysis of Hull’s formulations has measured 
them against the literal criteria of hypothetico-deductive and quantita- 
tive method, and against a literal interpretation of Hull’s stated objec- 
tives, 

We have raised, in some form, most of the types of questions that can 
be asked in characterizing the status of a scientific theory. We have 
inquired into the adequacy of all classes of definition of all classes of the 
theoretical variables. We have inquired into the postulated intercon- 
hections among all classes of variables. We have looked into the methods 
of postulate construction, of quantification, of derivation. We have 
examined the induction basis, and the general state of the evidence, for 
certain of the assumptions. Under close scrutiny, not a single member of a 
Single class of such theoretical components satisfied the requirements for 
rigorous scientific theory of the sort envisaged within the theorist’s explicit 
objectives, More importantly, many of the detailed solutions embodied in 
the theory of major problems in the methodology of psychological theory 
Construction—e.g., the techniques employed for the “measurement” of 
independent and dependent variables, the techniques for the construction 
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of quantitative, or even qualitative function forms—proved to have little 
merit within their concrete theoretical context, however suggestive certain 
of them may be in defining the problems that behavior theorists must 
face. 

The preceding points may, perhaps, register more vividly, if we bring 
the findings of this report to bear on Hull’s explicitly stated precautions 
against theoretical indeterminacy. One of these is that intervening 
variables must be “securely anchored on both sides to observable and 
measurable conditions or events” (56, p. 22). A related caution states the 
need for “a grim and inflexible insistence that all deductions take place 
according to the explicitly formulated rules stating the functional relation- 
ships of A to X and X to B” (56, p. 24), A and B, of course, being inde- 
pendent and dependent variables respectively, and X being the intervening 
variable or chain of such. In other words, Hull quite properly demands 
that explicit and univocal linkages interconnect independent, intervening 
and dependent variables, and that the independent and dependent 
variables be “securely anchored” to their reductive (operational) symp- 
toms. 


This report makes it fair to say that: 


(1) Secure anchorage, either in a quantitative or a qualitative sense, 
does not hold in a single case for the relations of systematic inde- 
pendent and dependent variables to their intended range of reduc- 
tive symptoms. 

(2) No given intervening variable is securely and univocally anchored 
to its relevant systematic independent and/or dependent vari- 
ables, either quantitatively or qualitatively. 

(3) No given intervening variable is related to any other intervening 
variable in the chain with sufficient determinacy to permit quanti- 
tative passage from one to the other,°? nor are certain of the 
variables, and the relations connecting them, defined with sufficient 
precision to permit “qualitative” passage. 


In general, any “grim and inflexible insistence that all deductions take 
place according to the explicitly formulated rules stating the relations 
of A to X and X to B,” must, for any A in the theory, be thwarted at 
precisely that point. 

This analysis has not been intended to destroy Hull’s reputation, or 
minimize his very great contributions, It has seemed a necessary job be- 
cause of the paramount importance of making explicit the limits within 
which it is feasible to aim for theory in the current phase of psychology. 
The belief that Hull’s theory—right or wrong—is a realized (or approxi- 
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mately realized) wide-scope, hypothetico-deductive system is a belief 
that such an objective is currently feasible, and the belief that such an 
objective is currently feasible can well block what chances we have of 
moving towards adequate theoretical formulations of behavior. 

The cumbrous detail of this analytic study would hardly be justified, 
if the intention were merely to establish the thesis that Hull had not 
realized his theoretical objectives. We have gone on the assumption that 
an essay towards theory so ambitious and influential as Hull’s, might 
provide a strategic vehicle for the exhibition, in a concrete context, of a 
wide range of methodological problems which stand between the desire 
for theory and its achievement. That Hull fell short of theory is not 
particularly instructive; that Hull fell short of theory in such-and-such 
specific ways could well be as instructive as anything that our generation 
needs to learn. No recent theoretical formulation can be more instructive 
in this sense than Hull’s, because none has been modeled on so explicit 
and, in some ways, sophisticated a conception of theory, nor has any 
competing formulation been pressed towards its goal in a comparably 
detailed and ambitious way. 

In this report, we have therefore tried to locate specific sources for 
Hull’s inevitable failures, as he faced the manifold problems of building 
theory, We have tried to show that he failed not merely because he aimed 
at comprehensive theory, or because relevant empirical knowledge is 
too painfully slim to justify even far more limited attempts. We have 
tried to show that he failed because he did not adequately meet conerete 
problems of empirical definition, of measurement, of quantification, of 
intervening variable function construction, and various sub-specifications 
of all of these, He could not meet these problems because no one else had 
met them, or currently can meet them. And this is the case because such 
problems have as yet received only the vaguest definition, while anything 
approaching useful resolution is still far out of sight. Nor can these prob- 
lems be legislated out of existence by some over-simplifying proposal like 
the demand that we restrict ourselves to narrow-scope theory. Such a 
Proposal may be eminently rational, so far as it goes. But it must be 
recognized that all major unresolved problems in the methodology of 

ehavior theory remain equally unresolved for “theories” of all sizes; the 

Scope of such problems does not automatically scale down to the scope of 
the theorist’s intentions. 

B. HULL'S CONTRIBUTIONS 

field has already been profound. His future 

influence, while it will probably be less direct than he might have wished, 

can be expected to remain far-reaching. How salutary this influence will 

e does with his formulations, than on 
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the formulations per se. Though this report has plainly not dwelled on 
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Hull’s positive contributions, there has been allusion to many of them at 
various places. It is fitting that we here recapitulate, and more generally 
state, what we believe to be Hull’s major contributions. At the same 
time, we may hint at the general directions within which they may best 
be exploited in the future development of the science. 


I. Impact on Theoretical Practice and Attitudes Towards Theory 


Tt is fashionable to regard Hull’s missionary zeal in holding before 
psychology the procedural model of high order, natural science theory as 
having had a highly beneficial impact on the field. There seems every 
reason to believe that the net effect of Hull’s continuous educational 
efforts with respect to such matters as hypothetico-deductive procedure 
has been salutary. Any tendency among psychological theorists to confuse 
the methods and values of science with the methods and values of litera- 
ture, has certainly been curtailed as a result of Hull’s effort. Yet, one 
must be careful to distinguish the senses in which Hull’s methodological 
manifesto to the future is usable, and the senses in which it is not. The 
entire present report may be regarded as an essay towards this task, 

Recent history does not easily fall into perspective, but it must be 
remembered that when Hull began his theory, the dominant temper of 
theoretical psychology was still philosophical, belletristic and casual. 
During the immediately preceding decades, there had been a steady and 
rapid advance in those disciplines which converge on the study of scientific 
method—e.g., philosophy of science, foundations of mathematics, symbolic 
logic, semantics, linguistics, foundations of physics, ete. The codification 


than had before been available. Hull w 
theorists to import these insights into our field, and to attempt their 
implementation. 

That Hull held up to psychology such values as those associated with 
careful axiomatic procedure was, 
But his significance is lost, if we 
figure. Hull’s attempt to implem 
procedure could not but fail to be 
deriving from the literary, “ 
acted. Not the least of these was the assumption that 


sophical” system builder. 

There is another sense in which Hull’s significance is 
very model of scientific theory which he emulated was it 
model. It was based mainly on the characteri: 
systematic formulations in the single science 
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Were criterion achievements like Newtonian mechanics and relativity 
theory. It has become increasingly apparent that the extent to which other 
systematic formulations in science may be expected to conform to such a 
model, or even approximate any specified subset of its properties, is an 
open question, requiring patient and imaginative exploration in each case. 
Hull’s trend was to prejudge such questions. Does the model demand 
Postulational form, wide empirical generality, quantitative specificity, etc? 

Good,” says Hull, in effect, “I will give you a behavior theory with 
precisely these properties.” Nothing could have more forcefully established 
the need for re-examining the representativeness of the model, and its 
detailed applicability to psychology, than the very shortcomings of the 
resulting attempt. 


2. Recognition of Complexity 

Hull’s impact on the field will by no means be restricted to the sensitiza- 
tion of psychologists to matters of theoretical methodology. Not only will 
many concrete components of his formulations have continuing value, but 
certain of his orienting attitudes, and certain features of the style and 
direction of his thinking, are worthy of emulation. Conspicuous among 
the latter is his respect for the phenomenal complexity of behavior. 

In the discussion of Hull’s orientative attitudes (pp. 4-17, this report), 
We saw that it was Hull’s firm intention to assume intellectual responsi- 
bility for developing the orienting commitments of earlier behaviorism 
into detailed explanatory theory. In this, he was setting himself an im- 
Possible goal, But he showed no disposition to bring this goal more 
easily within reach by closing his eyes to the complexities and subtleties 
of behavior, Hull was the first S-R theorist who made a dedicated at- 
tempt to avoid cutting down problems to the size of his concepts. 

As we have seen, from 1929 on, the attempt to do justice to complex 
facts of behavior, and to empirical phenomena stressed by other groups 
of theorists, was impressive. Indeed, in this attempt, Hull showed re- 
markable theoretical flexibility, even to the extent, of significantly de- 
Parting from a “pure” S-R groove (cf. pp. 8-9, his report). Although 
certain of the conceptual elements introduced in the effort to make the 
theory applicable to complex behavioral phenomena previously neglected 
by S-R theorists (eg., “neural interaction,” $, r) were perhaps not entirely 
Successful, it was in the course of dealing with such complex problems in 
behavioral dynamics as “insight,” “reasoning,” and the role of “guiding 
ideas” that Hull developed some of his most valuable hypotheses. 


3. Fruitful Hypotheses ; 
_ At this moment in the history of psychology, there is naturally much 


Interest in whether Hull’s formulations can or will be perpetuated as a 
Coherent systematic approach to the analysis of behavior. Very few 
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would argue—least of all the author of the present report—that any of 
the postulate sets that Hull left behind can be retained in any form sub- 
stantially resembling its initial formulation. There is still, however, a 
widespread belief that if Hull’s theory will not survive in substantially 
unaltered form, there are good prospects for working towards a more 
adequate theory within the “Hullian framework.” It has not been an 
explicit intention of this analysis to pre-judge the prospects for Hullian 
revisionism or “neo-Hullian” formulations. It is desirable that the several 
extant attempts in this direction be pressed as far forward as they can, 
and that they be evaluated in their own right, rather than in terms of 
their genetic antecedents. But the results of the present analysis do point 
up the need for emphasizing the semantic trickiness of such phrases as 
“the Hullian framework.” In Part I, we were forced to consider the 
radical possibility that no single postulate, or group of postulates, of Pr.B. 
can be considered as containing empirically testable core assumptions, on 
which some integrated framework of theory depends. If such a statement 
has even modest plausibility for the theory of Pr.B., it must have over- 
whelming cogency for the theory of Essentials. 

To imply that the behavioral theory of the future may not be an 
elaboration of the Hullian postulates, or even written within the Hullian 
idiom, is not to suggest that Hull’s formulations do not contain many 
specific hypotheses which either have proved or will prove sufficiently 
fruitful to survive in one form or another. It will require much future 
effort on the part of many workers to isolate all of the valuable explana- 
tory hypotheses, or ideas towards hypotheses, embedded in the massive 
bulk of Hull’s formulations, to test them, restate or further specify them 
in a maximally effective way, and more fully explore their consequences. 
Among the potentially most useful items in Hull’s bequest to the future 
are the many ingenious “peripheral” mechanisms which were elaborated, 
in the first instance, in his earlier theoretical articles. These we have 
referred to as “pre-theoretical” hypotheses, in the sense that they were 
stated and explored in a relatively informal way, and also that their 
validity seems largely independent of the truth value of the specific 
postulates put forward in any of Hull’s sustained theoretical formula- 
tions. Included in this group would be such mechanisms as: 


(1 


= 


The proprioceptive stimulus (s), and its role in sequential and 

internally maintained behavior (e.g., 29, 30, 51, 65, 66, 78). 

The functional potentialities of the “stimulus trace,” as a condi- 

tionable element in behavior situations (e.g., 39, 42, 51, 75, 78). 

(3) The mechanism of Sp, and its concrete roles in the dynamics of 
motivation (e.g., 29, 30, 33, 56, 78). 


(4) The sensitizing effects of current “drive” states on “habit” struc- 
tures (e.g., 56). 


(5) Ra and the associated Se, 


(2 


> 


and the elaboration of their theoretical 
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potentialities for the phenomena of purpose, expectation, transfer 
and reasoning (e.g., 29, 30, 32, 38, 78). 

(6) The habit family hierarchy, its role in the dynamics of trial and 
error behavior, and its potentialities for the explanation of com- 
plex transfer phenomena (e.g., 34, 35, 44). 

(7) “Indirect” and “secondary” stimulus generalization (e.g., 47, 56). 


It is likely that concepts of this order point to factors which must ulti- 
mately be taken into account by any theory of behavior, even theories 
which assign greater importance to “central” variables. 

A second class of hypothese’ may be distinguished which perhaps have 
more limited chances of ultimate survival, yet which represent distinct 
contributions to the field. If some of these turn out to be blind alleys, 
Hull’s excursion into them will have at least speeded the discovery that 
they lie off the true path. Conspicuously within this group are such hy- 
potheses as: the drive reduction treatment of reinforcement, the principle 
of secondary reinforcement, the principle of primary stimulus generaliza- 
tion, and a two-component analysis of “inhibition” (or extinction phe- 
nomena). We have adduced many grounds to show that none of these 
hypotheses can survive in any of the concrete formulations in which Hull 
cast them. And in the case of some, it is not easy to find an empirically 
testable interpretation which can be confidently presumed to reflect the 
intention of Hull’s theory. But some testable interpretation of each of 
these is possible, and in each case it is well that the resulting hypotheses 


continue to be evaluated and further refined. 


4. Useful Experiments and Impact on Experimental Practice 
Whatever the definitional inaccuracies of the independent and de- 
pendent variables discriminated by Hull’s theory, they are all related to 
Specifiable (if not adequately specified) dimensions of variation in empiri- 
cal behavior situations. Should satisfactory, theoretically neutral defini- 
tions be reconstructed for them, they would be seen to correspond to 
Manipulable and observable features of behavior situations whose causal 
inter-relations it would be useful to explore in the approach to any sys- 
tematic formulation of behavior. As 4 matter of fact, most, if not all, of 
Hull’s empirical variables (e.g. number of rewarded practice trials, time 
relations between CS and US, “similarity” between training and test S, 
hours of hunger, etc., on the independent variable side; probability, 
latency, amplitude, resistance to extinction, on the dependent, variable 
Side) had already been discriminated, and investigated, in a variety of 
Situations, by previous workers. In pushing forward his ambitious, quanti- 
tatively oriented theory, Hull has been responsible for a greater alons 
in our knowledge of the empirical relations among such variables than 


i decades. 
Petha ker during the past two € 7 
Daa Ryans that Hull’s theoretical intentions led to an uncritical, 
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and often autistic, systematic use of the experiments that he performed 
or stimulated, the very same intentions led, paradoxically, to a marked 
improvement in the quality of the experimental designs used in such work, 
and perhaps in the general standards of experimental craftsmanship. 
Where earlier investigators were content with (say) showing a difference 
between two contrast groups with respect to a given variable, Hull’s 
quantitative intentions forced a fuller determination of the trend of the 
function. To note, as we already have in the present report, that Hull’s 
experimental designs were, in general, not adequate to his quantitative 
intentions, is not to say that his quantitative intentions did not have a 
favorable influence on his experimental designs. 

The demands of Hull’s systematic thinking led also to the utilization of 
pre-existing experimental techniques in fresh ways (e.g., the use of the 
modified Skinner-box and other simple trial and error situations for 
studying relationships suggested by classical CR work), the exploration of 
novel situations (e.g., speed of locomotion gradients in the straight run- 
way, the Arnold (1) apparatus for the study of reaction chains), and the 
invention of experimental designs calculated to tease out subtle behavioral 
relationships. Most impressive in this last category, was the systematic 
variation of both training and test conditions embodied in the design of 
experiments—like Perin’s—which were calculated to partial out “learning” 
and “performance” relationships. 

A very large part of whatever small advance has been made in recent 
decades with respect to empirical knowledge of basic “learning” and 
motivational relationships, must be attributed to experiments conducted 
by Hull and his collaborators, or by others in the attempt to evaluate or 
extend his formulations. This can be said with confidence, even though 
no one can yet delineate the resulting knowledge with precision. For this, 


we must return to the experiments and determine what they say when 
theoretically neutralized. 


5. The Heritage of Hull’s Failures 


With this category of Hull’s contributions, we return to the theme 
of which this report has been the interminable documentation. We 
can profit by Hull’s mistakes more determinately than in the case of any 
recent theorist. This is only partly because Hull aimed at greater explicit- 
ness than others; we have seen the extent to which Hull’s formal proce- 
dures camouflaged ambiguity. It is mainly because of the tenacity, det: 
often brilliance with which he translated his orienting attitudes into 
tion. 

These commitments towards action were determined in part by the 
behaviorist prolegomenon towards theory, and in part by Hull’s intense 
desire to jump from an era of prolegomenizing to an era of mature and 
rigorous theory. They demanded that in content the theory be “objective,” 
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ac- 


CLARK L. HULL 167 


“peripheralistic,” “S-Rish,” while in form it be hypothetico-deductive, 
highly quantitative and completely general. To some, these will seem 
admirable attitudes; those who dislike certain of them will at least admit 
that it was historically desirable that they be entertained in a responsible 
way. No one has entertained them more responsibly—thus instructively— 
than has Hull. 

If he has not “put the behavioristic house in order” (47, p. 29), he has at 
teast thrown light on where it is in disorder. It will remain in disorder 
until the concepts of S and R, and other independent and dependent 
variables, are adequately defined. It will remain in disorder until its 
theory language is put into a more satisfactory relation with its data 
language. It will remain in disorder until its explanatory concepts and 
principles are put in order, and to put these in order—if they can be— 
will require much more detailed empirical knowledge about the conditions 
of behavior than we now have. 

If Hull has not given us a comprehensive theory, he has added a note 
of reality to our estimate of how general a theory it is rational to look 
towards. If he has not given us strict hypothetico-deductive rigor, he has 
Pointed up the fact that in empirical systems determinacy must neces- 
sarily be limited by the determinacy of current knowledge. 

He has not given us satisfactory intervening variables, but his per- 
sistent, tortured, grappling with problems in the logic of constructing in- 
tervening variable functions has defined the complexity of the issues, and 
revealed the superficiality of accepted methodological cant. 

Nor has Hull given us what he most wanted, and all of us most want: 
“genuine” quantification of behavioral relationships. But his twenty years 
of striving has done more than any previous effort in psychology to put 
this enterprise on a realistic basis—for those who will read the lessons. 


Appendix 
TERMINAL NOTE ON “A BEHAVIOR SYSTEM” 


Hull’s posthumous book, A Behavior System (78), came into the writer’s 
hands too late for consideration in the present report. It should at least be 
recorded that in this work Hull seems to have come explicitly to the same 
Evaluation of the trend of his theoretical effort that has been made in 
this report, Our analysis of Essentials, and the articles of the quantifica- 

ion sequence, led us to conclude that “in the final phase of his career 
Hull was e o e at an honest recognition of the prematurity of certain 
of his theoretical objectives” (cf. Concluding Considerations, Part II). 
uch a retrenchment seemed implicit in the tone of Hulls 1949-1951 
heory language, and in scattered reservations made in Essentials and the 
articles on the quantification of reaction potential. At some point before 
ebruary, 1952, when the manuscript for A Behavior System was sent 
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to the publisher, Hull was prepared to substitute direct statement for 
nuance. The following quotations speak for themselves: 


They who know the history of theoretical psychology will understand that 
the present system is merely the most recent of a series of miniature systems 
evolved by the present writer. The coming generation of scientists will, it is hoped, 
present other theoretical systems, each succeeding one of a progressively more 
precise and quantitative nature (78, p. 353; ital. mine). 

In the following pages I have made a serious attempt to give a quantitative, 
systematic account of some of the more important forms of non-social behavior. 
I make no pretense of having said the last word on any of them. I trust that 
the quantitative methodology employed will readily make apparent to all serious 
students the errors which presumably have eluded our scrutiny and insight; 
hidden fallacies may seriously delay the advancement of a young science (78, 
p. vii; ital. mine). 

. . . All scientific systems of importance must be quantitative; quantification 
requires units, and systematic quantification requires a most meticulous defini- 
tion of the units in their various relationships. . ... This will be an exacting 
task, probably extending over a very long time. The small and tentative begin- 
ning made in the present system (o) will serve manly to call attention in a 
concrete manner to the problem. 

The behavioral units employed are closely related to the matter of the 
quantitative equations representing the relation of the various behavior func- 
tions, such as sHp, sEp, D, slp, and so on, in the present system, to the number 
of reinforcements (N), the length or amount of food privation (h), the number 
of extinction trials (n), and so on. In the midst of these problems is the critical 
series concerned with the numerical values of the constants or parameters which 
enter into these equations. The history of the physical sciences indicates that 
this presumably will be accomplished by a series of approximations, but that 
even though the problem is urgent it will be a very long time before a final 
stage is reached. Small beginnings have been made in this by the rough postula- 
tion of various constants in the present system; this, again, will serve mainly 
to call attention to the problem (78, p. 354; ital. mine). 

Strictly speaking, the body of a scientific system consists of the mathematical 
derivations of the theorems which correspond to the empirical facts of the 
science. The deductions presented in this volume are all of a relatively simple 
concrete form, and are mostly quite informal. At one time a few of us worked 
out for a limited range of behavior a strict system to explore its possibilities 
[Mathematico-Deductive Theory of Rote Learning]. It is probably too early to 
do this on a large scale, though the rare persons qualified for such a task should 
before very long attempt to do it at least for the field covered by the present 
volume (78, p. 3; ital. and bracketed insert mine). 

We must note that this set of postulates and corollaries differs in some re- 
spects from any previously put forward. For example, the delay-in-reinforce- 
ment principle (J) is changed from a postulate to a major corollary (iii), Also, 
where the substance of a principle is expressible as a provisional numerical 


equation, the latter is now given as the best available approximation (78, p. 4; 
ital. mine). 


As an addition to the above excerpts, we might even cite the title of the 
book in which they appear: A Behavior System. Contrast this with 
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the 1943 title, Principles of Behavior, or the 1951 Essentials of Be- 
havior. 

A Behavior System is concerned with the application of a very slightly 
altered form of the 1951 postulates “to the deduction of the simpler 
phenomena characterizing the behavior of single organisms” (78, p. VII). 
Hull thus returns to the task—held more or less in abeyance in all ex- 
tended publications since 1940—of tracing out secondary consequences 
of his assumptions. In the process of considering the “178 formal theoreti- 
cal propositions” exhibited in the volume, Hull returns to many of the 
themes dealt with in the early theoretical articles. Thus there are chap- 
ters containing “theorem” sequences on “Simple Trial-and-Error Learn- 
ing,” “Behavior and the Molar Stimulus Trace,” “Fractional Antedating 
Goal Reactions,” “Simple Behavior Chains,” “Behavior in Relation to 
Objects in Space,” “Multidirectional Maze Learning,” and “The Problem- 
Solving Assembly of Behavior Segments.” There is also an analysis of 
“Discrimination Learning,” “Learning Within the Individual Behavior 
Link” and of “Value, Valuation, and Behavior Theory.” 

It is significant to note that many of the “theorems” presented as follow- 
ing from the present postulate set are either identical with or similar to 
consequences which had earlier been derived from markedly different 
versions of the theory. Indeed, the new volume lends dramatic support to 
the belief that many of the secondary explanatory “mechanisms” which 
Hull has elaborated are independent of the specific details of the principles 
from which they presumably “derive.” 

The drawing together, in one place, of a large number of the “deduc- 
tions” previously scattered in a variety of sources (plus the exhibition of 


many new “derivations”) offers & useful convenience to future analysts 
of Hull interested in extricating fruitful hypotheses and “pre-theoretical” 
ideas. At the same time, the use of the curiously formulated, and spe- 
ciously “quantified,” 1951 postulates to mediate derivations already made 
from alternate postulate sets, may tend further to muddy the contours of 


the genuinely fruitful components of Hull’s formulations. 
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SECTION 2 


Edward C. Tolman 
DDD KKE 


KENNETH MacCORQUODALE 
and PAUL E. MEEHL 


I. INTRODUCTION 


Tur present piscussion of Tolman’s theory is based upon his statements 
of it as they have appeared beginning with 1932 when Purposive Be- 
havior in Animals and Men (128) was published; the most recent state- 
ment we have considered is the 1949 article: “There is more than one 
kind of learning” (151). We have not included in our bibliography or in 
our discussion Tolman’s more recent views on the conceptualization of 


Social behavior; neither have we considered the several constructive com- 


mentaries and interpretations authored by others, such as White (185). 


Our reasons for not treating Tolman’s most recent writings stem in part 
from our understanding that he is currently engaged, with Postman, in a 
major restatement of his views. We are speaking in this section, then, of 
Tolman as he has been understood for the past twenty years. Whether 
our criticisms will still be up-to-date after publication of his new book 
depends upon whether he proposes & conceptually new statement or a 
restatement of the present concepts with greater felicity of expression, 


and remains to be seen. 
Our aim has been two-fold: firs 
olman’s system as it is; secondly, to 
which introduce those concepts we cons 
views and which are intended to preserv 
formalization of an expectancy theory. 
The system will be considered according, 
Bcribed in Chapter I. Considerable emphasi: 
177 


t, to display and critically examine 
state a set of more formal “laws” 
ider to be most central to Tolman’s 
e the flavor while increasing the 


generally, to the outline de- 
s will be given to the aspects 
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of Tolman’s theory which differentiate it from the other theories con- 
sidered in this volume, and for this reason it is important to stress that 
much of the content of his 1920 to 1932 publications, and even of Pur- 
posive Behavior in Animals and Men, is in substantial agreement with 
the views of S-R and S-R reinforcement theorists, To mention one obvi- 
ous example, most psychologists trained since the early thirties, whether 
Tolmanites or not, find it so natural to think in terms of “reinforce- 
ments,” “rewards” or “goal-objects” when speaking of instrumental 
learning, that we easily forget the importance of Tolman’s work in re- 
ducing the plausibility of the variant of pure frequency-recency con- 
nectionism which was held by many prior to around 1930. There are 
some characterizations of Tolman’s theory, often said to differentiate 
him from other theorists, which will not be emphasized here at all. An 
example is the frequent reference to Tolman as a Gestalt or field theorist. 
The justification for our omission of this emphasis will be made in a later 
part of the discussion. 

In several places we will point out a difficulty and include a comment 
to the effect that “this problem is not peculiar to Tolman.” Such indica- 
tions of common difficulties, which appear especially in Part IV, are not 
to be interpreted as mere tu quoque or as denials of problems. Needless 
to say, we have not pretended to suggest directions of solution for all 
problems; and since our subject is Tolman, we have devoted particular 
attention to those questions which arise from the special orientation that 
distinguishes him as a systematist. This seemed to us the more necessary 
because Tolman is sometimes criticized for lacks or ambiguities which 
seem to be peculiar to him, but on careful examination are found to be 
present, although obscured, in competing systems. 


Il. THE STRUCTURE OF TOLMAN’S THEORY 
Data Language 


Considering first Tolman’s use of a data language, the first chapter of 
Purposive Behavior in Animals and Men contains statements which ap- 
pear to attempt to make such words as “purpose” and “cognition” a part 
of the data language. For example: “Behavior qua behavior has descrip- 
tive properties of its own . . . getting-to or getting-from” (p. 10); 
“These purposes and cognitions are of its immediate descriptive warp and 
woof... behavior reeks of purpose and of cognition” (p. 12). However, 
these may be understood as devices used by a theorist in an introductory 
chapter of a theoretical work, proposing a behaviorism in which such 
apparently non-behavioral words as “purpose” and “cognition” will 
appear with behavioral definitions. That he intends to define such words 
as “purpose” in terms of certain features of behavior seen 


as clear. 


When actual experiments are being discussed, a relatively clean, neutral 
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data language seems to be maintained (although when theoretical der- 

ivations are being performed, there are some confusions, as will be seen 

below). As an example of an unequivocal description of experimental 

Paap the following appears in Purposive Behavior in Animals and Men 
p. 48): 


In this maze he [Blodgett] ran three groups of hungry rats. Each group had 
one trial per day. The control group (Group I) was allowed to eat in the usual 
manner for three minutes in the food-box at the end of the maze. They were 
then immediately fed the remainder of their day’s ration in another cage (not 
the home cage). The first experimental group (Group II) ran the maze for the 
first six days, without immediate reward. That is, at the end of the maze they 
were confined in the exit-box without food for two minutes and obtained their 
day’s ration only one hour, or more, afterwards in another cage (not the home 
cage). After six days of such running, this group, on the seventh day, suddenly 
found food in the exit-box, and continued so to find it on all subsequent days. 
A second experimental group (Group III) ran the maze without food at the 
exit-box for two days. For these two days they, like Group II, obtained their 
day’s ration only one hour or more afterwards in another cage. On the third day, 

owever, food was given them in the exit-box and they continued to find it 


there on all subsequent days. 

“hungry,” though not further defined here, 
d accepted ellipsis; the word “suddenly” 
carry no illicit descriptive connota- 


In the above, the word 
has become a frequently used an 
18 perhaps extravagant, but seems to 
tions here. 

In general, Tolman’s departures fr 
are those which can either be easily 
missible as being defined in another discipline (e.g. 
from botany, or “gravitational” from physics). 


om explicitness in the data language 
filled in (e.g., “hungry”) or are per- 
“sunflower seeds” 


Operational Definitions 


Tolman’s use of operational reduct 
article “Studies in Spatial Learning 
(173). The following is the definition o 
express the original intent of the senior 


When y sert that a rat expects food at L, what we assert is that if (1) 
he is a, (2) he hak been trained on path P, (3) he is now put on 
path P, (4) path P is now blocked, and (5) there are other paths which lead 


away from path P, one of which points directly p location L, then he will run 
own thi hi ints directly to location 4. : 
fed eke ‘ts does not expect food at location L, what we assert is 
that, under the same conditions, he will not run down the path which points 


directly to location L. 


Restated as a conditioned de 


ion is seen most explicitly in the 
I. Orientation and the short-cut” 
f an expectancy “revised to better 


author” (p. 15): 


finition, this becomes: 


een trained on path P and 2 is now put 


If xj ; bi 
1 = is deprived of food anid 2 Eat d there are other paths which lead away 


On path P and path P is now blocked an 
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from path P, one of which points directly to location L, then (x runs down the 
path which points directly to location L = z expected food at location L). 


Three comments on this formulation may be offered. First, as a reduc- 
tion sentence it is incomplete in several respects. It fails to specify, for 
example, what else may have been in the rat’s history, and what restric- 
tions are placed on path P’s stimulus properties in contrast to other 
paths. In the case, not excluded by this definition, in which path P is 
white and it is blocked, and there is among the “other” paths one white 
path (among non-white paths) which leads to location L, then if the rat 
takes “the path which leads to location L” are we prepared to assert that 
he “expects food at L”? 

Secondly, the significance of the negative case is somewhat puzzling by 
this definition; it would seem, as stated in the singular, that the rat which 
fails to turn down path P does not expect food there. Does an expectancy 
theorist really mean to assert this? Along the same lines, the statement of 
the operational reduction in terms of the behavior of the individual rat 
suggests a disturbing statistical consideration: If 12 out of 100 rats run 
down path P from among 8 paths, shall we assume that these 12 had ex- 
pectancies and the remainder did not? Now, it might be objected that 
these criticisms are petty, that of course it is intended that the paths 
should not be different in other than spatial respects, and of course ordi- 
nary statistical significance is demanded. Since, however, the intent in the 
use of operational definitions is to make explicit the complete set of rele- 
vant characteristics of an event, the above definitions must be considered 
incomplete. 

Our third comment refers less to the adequacy of this definition as an 
example of the operational method, than to the rationale of its appearance 
in a theoretical structure such as Tolman’s. He says: “. . . I do not hold, 
as do most behaviorists, that all learning is, as such, the attachment of 
responses to stimuli. Cathexes, equivalence beliefs, field expectancies, 
field-cognition modes and drive discriminations are not, as I define them, 
stimulus-response connections. They are central phenomena, each of 
which may be expressed by a variety of responses” (151, p. 146). By giv- 
ing a directly operational definition of a central state, such as an expect- 
ancy, in terms of a locomotion, Tolman is in danger of losing precisely 
that advantage which a centralism has over a peripheralism. In Hul’s 
1943 Principles of Behavior (38, p. 383) the basic learning construct, sH r, 
is four steps removed in the intervening variable chain from his “opera- 
tional” measures of actual momentary response strength. Speaking 
loosely for the moment, one might suppose that one of the advantages of 
a more centralist approach is in the matter of some such causal distance 
of the hypothetical cognitive unit from the effector-activity. The kind of 
means-to-ends appropriateness shown by behavior occurring in altered 
environmental circumstances which has traditionally intrigued the expect- 


EDWARD C. TOLMAN 181 


ancy theorist is, from a methodological viewpoint, an argument for in- 
creasing this causal distance, and for getting, so to speak, more “play” 
into the system. See, for instance, Tolman’s quotation from Gilhousen on 
the character of crayfish learning (128, p. 18). The question of an alter- 
native mode of definition of such central states will be considered later 
in the discussion of Tolman’s principal constructs and their appearance 
in derivation of experimental results. 


Dependent and Independent Variables 


i In his presidential address to the American Psychological Association 
in 1937 (141), Tolman has formally listed the dependent and independent 
variables with which he proposes to deal. The following are the independ- 
ent variables listed with briefer definitions of the symbols: 


EOBO : The sum of the preceding occasions on which stimulus complex Os 
has been followed by behavior Bs, which has been followed by 


stimulus complex Oy. 
M : Maintenance schedule. 
G : Appropriateness of the goal object. 
S : Types and modes of stimuli provided. 
R : Types of motor response required. 
P : Pattern of preceding and succeeding maze units. 
There is also a class of Individual Differences variables on the independ- 


ent variable side: 


H : Heredity. 

A : Age. 

T : Training. , = 

E : Endocrine, drug and vitamin conditions. 

acteristies of the above “independ- 


There are several noteworthy char 
of the goal-object, depends upon 


ent” variables. G, the appropriateness 
an adequate definition of “appropriateness” if it is to be firmly anchored 


in the data language. Although it is not so anchored by Tolman, it ap- 
Pears as a general term for such characteristics of an incentive as its 
relation to the drive state (or maintenance schedule), its hardness, big- 
ness, saltiness, ete.; in brief, to characteristies whieh are expressible in a 
data language. May we not say that Hull would presumably encounter a 
Similar difficulty in defining his “(amount and) quality of the reinforcing 
agent” variable, and left the quality dimension largely undefined? 

More striking is the fact that several variables which are ordinarily 
characterized as being intervening oT dependent have, in this list, found 
their way to the independent variable side of the causal system. Thus “R, 
the types of motor response required,” which refers to whatever class of 
topographies the experimenter rewards, is an independent variable only 
in this sense: that the experimenter can manipulate it by progressively 
altering its frequency of occurrence through the learning itself. This vari- 
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able must occur, or at least recur, as a dependent variable. Moreover, it is 
difficult to discriminate among the three variables referring to the effects 
of past training, which, as state variables are doubtfully appropriate for 
this list. These are OBO, T and P. Insofar as P, the pattern of preceding 
and succeeding maze units can affect behavior at a choice point only in 
consequence of previous OBO’s in those units and in the given maze, 
while T refers to previous OBO’s in other mazes and might be referred to 
as transfer effects, these three variables are not discrete. 

For the choice point example, Tolman specifies the behavior ratio as 
the dependent variable. The behavior ratio is defined as 


frequency of turn into alley L 
total frequency of turns into alleys L & R 


Tt will be noted that in practice, it is difficult or impossible actually to 
compute the behavior ratio for a rat at a choice point, since one rat can- 
not, during the course of learning, be made to choose repeatedly at the 
same choice point at the same response strength. This is one of the sev- 
eral defects of the maze as an instrument, as Skinner has pointed out. 
For this reason, the literal definition of the behavior ratio is rarely ap- 
plied, and for it is substituted a count of the number of entries into all 
culs by a rat (his “score”), when there are several culs involved, When 
the “behavior ratio” needs to be determined for a specified choice point, 
determinations of left and right choices for groups of rats may be made, 
but this gives no direct indication of the strengths for individual 
organisms. The mathematical relationship of the choice ratio to the 
strengths of the two competing responses is not indicated. 


Relation Between Empirical Area Covered and Orientative Attitudes 


The dependent and independent variables listed above are specifically 
appropriate for the discussion of the maze running case, and this is the 
empirical area to which Tolman has largely restricted himself. It should 
be pointed out, however, that in Part V of Purposive Behavior in Animals 
and Men Tolman has systematically considered conditioned reflex and 
trial-and-error learning (as these were understood in 1932), and tried to 
show that his vocabulary can be applied to them. He has recently dis- 
cussed psychoanalytic mechanisms such as fixation, regression and dis- 
placement (150) and social behavior (153). In neither case, however, has 


he specifically derived social or psychoanalytic phenomena as formal con- 
sequences of his theory. 


Hypothetical Constructs 


Tolman’s definitions of the kinds of constructions which he intends to 
use indicate that he wished (1932) to avoid hypothetical constructs in the 
sense proposed by MacCorquodale and Meehl (56), in which a construct 
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acquires attributes which exceed its original defining operations.’ He pro- 
posed instead (134, 135, 141) to define his intervening variables by an in- 
ductive breaking down of the function fı (relating the dependent and 
independent variables) into intervening variables a,b,c, with a set of fz 
functions to connect these with the independent variables on the one hand 
and a set of fs functions to connect them with the dependent variables on 
the other. Tolman has felt it important to emphasize that his usage of 
such intervening terms as “expectancy” and “cognition” is to be under- 
stood in terms of the establishing operations, since these words have such 
extensive lay connotations; however, as will be pointed out below, the 
power of these concepts for Tolman in the derivation of experimental re- 
sults is severely lessened by their exclusively “intervening variable” char- 
acter. Some of the empirical support Tolman adduces for his constructs 


T= True path 
c= Cul 


FIG. 2 


appears to be support only because the common-sense kind of ‘surplus 
meaning is informally attached to these theoretically “neutralized” terms. 

To test the actual reducibility of these construct-terms to the physical 
or data language two approaches will be taken here: first, one can find 
concrete instances of the use of a term and test the adequacy of its reduc- 
tion in the context of its occurrence; second, it is interesting to study how 
Concept words as defined in the glossary of Purposive Behavior in Ani- 
mals and Men are there reduced to the data language. E , 

As an example of the first kind, refer to Purpostve anor in Animals 
and Men, Chapter XI: “Tnference—the means-end-field,” p. 175. In an 
experiment by Buel, two groups of rats ran the same maze made up of 


several similar units (Fig. 2) with the difference that for one group, bar- 
tier X was present so that the culs A and B constituted separate blinds; 
for the other group, the barrier X was removed so that culs A and B were 
continuous, or “constituted the reverse ends of one and the same detour. 
Witte: haw, however, recently (152) expressed a preference for hypothetical con- 
structs as defined by us. 
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The rats of the second group made fewer entrances into B than did the 
rats of the first group. “In other words, whereas B has to be learned as 
a separate independent blind for the animals of Group I, for Group II it 
can be recognized as but the other end of A, already entered.” If we are 
interested in the definitions of the terms in the italicized part of the sen- 
tence (not italicized in the original) we discover that recognize is not 
defined here, nor does it appear in the glossary or index; and surely it is 
not a word in the data language. The other end of A is a phrase ordinarily 
in the data language, but used thus only when it describes facts about the 
maze. In this sentence, however, it occurs in a clause following the word 
as, where the whole sentence of which it is a part says something, not 
about the maze, but about the rat’s state (of recognition). Already en- 
tered could be considered data language only by virtue of its antecedent, 
A, a place-term. Suppose, to take an example Tolman is fond of himself, 
the rats were “deceived” by the use of mirrors, or by making the “true” 
path resemble the other end of a detour. The rats should then avoid it, 
according to the hypothesis. In characterizing, for such a “deception 
case,” either the animal’s expectancy, or his actual response (i.e., avoid- 
ance) there would be no difference from similar characterizations in the 
Buel case; in terms of either the behavior or hypothesized “inner events,” 
the psychological situation would be identical with that in which the rat 
is confronting an actual detour. Hence, as a psychologist, Tolman must 
say the same thing about the rat’s state in both situations. But this shows 
that “. . . already entered” cannot here be data language referring either 
to (1) the maze, or (2) the animal’s previous reaction, for this phrase 
indicates (in the Buel experiment) a fact, and in the deception case, a 
falsehood. 

Consider a sentence of the form, “As the rat pauses at choice point 4, 
he expects [clause or phrase consisting of words denoting maze parts, in- 
centives, pathways, ete.—all individually being data words].” This is 
intended to characterize the rat’s state at the moment of making choice 4. 
Now, in case Æ has in fact removed or destroyed the remainder of the 
maze (maintaining adequate experimental control of sensory cues) the 
rat’s state must be presumed to be as yet wholly unaffected by this fact. 
Hence the complex sentence (which is “about” the state of the rat) is not 
dependent for its correctness upon the correctness of its subordinate 
clauses which themselves assert (or, as in the above case of a past parti- 
ciple, directly imply) something about the maze or the rat’s previous 
history. As the logicians would say, Tolman’s complex cognition-state- 
ments are not themselves truth-functions of their components, 

In this connection, it is interesting to note a “philosophical” point 
about Tolman’s system which some of its opponents have perhaps dimly 
perceived. Tolman himself explicitly disavows any dualistic reference for 
his “freshly defined” words, and has for over thirty years insisted upon 
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his consistent behaviorism. We do not mean even to suggest that he is 
anything else, either consciously or unconsciously. Nevertheless, there is 
a peculiar sense in which his formulation has, willy-nilly, a certain 
affinity with the dualistic or, as he prefers to call it, “mentalistic” scheme. 
This arises from the feature we have just treated. For many thinkers of 
both past and present (e.g., Brentano), it is intentionality that ultimately 
defines the realm of “mind.” Those cases of psychological description 
which require the use of subordinate clauses, following words like “be- 
lieve,” “know,” “expect,” such that the complex sentence is not a truth- 
function of its component propositions, are still a source of difficulty for 
Philosophers basically sympathetic to the behaviorist program (cf. 11, 
83). When we commit ourselves to speaking of the rat’s “expectancies” 
rather than his “habits,” we are likely to find ourselves involved in the 
problem of reference, intention, or aboutness (as in the above example) 
whether we like it or not. We do not suggest, of course, that such involve- 
ments are a necessary consequence of all formulations of cognitive the- 
ory; the sketch of formalization below seems to us free of it. But the 
danger is greater than in a system which is couched wholly in response 
language. “Learning to . . .” is intrinsically less referential in its stress 
than is “learning that. . . .” The reluctance of some more suspicious psy- 
chologists to take Tolman’s behaviorist protestations at face value may 
be subtly related to this linguistic fact. 

In discussing Tolman, one needs a specia y fo U 
ation. We have a phrase whose components (words) ordinarily occur in 
the data language and there refer to parts, aspects, or relations of the 
environment; if this phrase sometimes occurs in a grammatical context 
following behavior-words such as “know,” “expect,” “infer” (with the 
Connective that), we shall say the phrase is in the “quasi-data language” 
when so used. We conclude from the analysis of the Buel example that 
the clause “that it can be recognized as but the other end of A, already 
entered” must, for a consistent behaviorism, be treated ds a whole; that 
is, the sub-divisions such as “end of A, already entered” cannot be con- 
sidered satisfactorily defined in this context just because they contain 

ata words and thus appear to designate objects (maze parts) and events 
(movements). Such a phrase must be behaviorally defined. If such defini- 
tions cannot be found in Tolman, the entire phrase remains unclear in 
Spite of the fact that all of its elements also occur n the data language 
OF are readily reducible to it. 

example of the second approac 
the definition of Inference as given 1 


1 terminology for this situ- 


h to testing reducibility is found in 
n Tolman’s glossary, viz: 


Inference. One of the three moods of sign-gestalt-expectation (see ig eo A 
The other two moods are perception (q.v.) and ineton ae (a2); n 
Inference commerce with the sign-object only has ever occurred before. Never- 
theless (perhaps because of past experience with “relatively similar’ situations, 
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or because of pure creativity), the organism is led to invent the sort of signified 
object and sort of direction-distance relations to this signified object which will 
result from commerce with the given sign-object. 

The action of such inferential sign-gestalt-expectations is probably the funda- 
mental feature in inventive learning (q.v.). 

Inventive ideation (q.v.) is to be conceived as a special, sophisticated, and 
recondite form of inference as just defined (p. 446). 


The negative part of this definition is clear (“commerce with the sign- 
object only has ever occurred before”) but we doubt it is an exact rendi- 
tion of Tolman’s intent. The rat may have had contact with both the sign 
and significate. For example (see Fig. 3), a rat is allowed to run repeat- 
edly from A to B, and also from A to Bo; subsequently he is run from 
By» to B’ which contains a demanded object. If his demand for that object 
is now raised and he now goes to Bs from A, Tolman would presumably 


©) 


G) €) 


FIG, 3 
consider it an “inference,” although the rat has had commerce with all 
significates, only not in the inference-revealing sequence. 

As for the positive identification of inference in the Glossary, note the 
clause “. .. the organism is led to invent the sort of signified ob- 
ject. . . .” The word invent does not appear as a defined term in the 
Glossary, but “inventive ideation” does, (Note: No verb forms appear in 
the Glossary; the rules for the use of verb forms, given the noun, are not 
indicated.) 


Inventive ideation. The type of ideation (q.v.) called “inventive” is that in 
which the ideational “runnings-back-and-forth” involve, in addition to the al- 
ternative and succedent routes of a given means-end-field which the organism has 
already actually overtly been over, new routes or features, never as such actually 
experienced by the organism. In inventive ideation these new routes are idea- 
tionally extrapolated. Such extrapolation is to be conceived as brought about 
by bebavior adjustments (g.v.) to those portions of the field which are already 
grasped perceptually or mnemonically plus the presence in the organism of a 
certain amount of creative instability, 
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The key phrase “ideationally extrapolated” suffers because “extrapo- 
lated” is not given in the Glossary. Ideation is: 

Ideation. The more recondite form of conscious awareness (q.v.), in which 
the sampling of alternative or succedent means-end-possibilities occurs by virtue 
of mere behayior-adjustments (q.v.) to runnings-back-and-forth. 
“Recondite” is not in the Glossary, although the dictionary definition is 
Possibly sufficient; “conscious awareness” reduces to “the process of sam- 
pling by running-back-and-forth in front of environmental object.” 

Thus, if we wish to reduce this statement: The rat infers that path P 
leads to food, with the aid of the Glossary, we arrive at the following 
statement: 

“The rat extrapolates by a more recondite form of running-back-and- 
forth in which the running-back-and-forth is done by & non-overtly-ob- 
Servable surrogate for running-back-and-forth and relative to environ- 
mental objects not then and there sensoria 
food and the path P leading to it.” 

If we use the device of substituting a symbol for words or phrases that 
are neither in the data language nor in (theoretically neutral) words of 
ordinary English, we get: 

“The rat (Y) by a more (#) form 


lly present, these objects being 


of running-back-and-forth in which 


the running-back-and-forth is done by a non-overtly-observable (11) for 
Tunning-back-and-forth (A) environmental objects not then and there 
Sensorially present, these objects being food and the path P leading to i 
It is unclear whether a modifier such as “yon-overtly-observable” retains 
any utility however precisely defined, when it refers to an unknown. We 
have substituted symbols for several words which do have, ordinarily, 
clear enough meaning, but whose meaning in this context is certainly not 
clear. Thus, “relative to” is reasonably unambiguous if actual running- 
back-and-forth is its referent, but since the running-back-and-forth re- 
ferred to as “ideational” is metaphorical only, the phrase “relative to” 
loses the usual spatial or directional referents which give it definite 
Meaning, i 

It is instructive to refer to the Glossary for the reduction of sentences 


which contain the word “expect.” Thus, to know what the sentence: The 
rat expects food at the end of path P, means, we start by looking for 
‘expect in the Glossary. “Expect” is not given in the Glossary; however, 


We do find: 
Expectation. An expectation is an immanent a aroused 
Y actually pr imul: ion probably always actually occurs 
A a RE gestalt (q.v.). But for purposes of analytical 
arate consideration, within such a 
inanda expectations, manipulanda expecta- 
lons—as to the sign-object (qv), i€» means object (q.v.); as to the signified- 
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object (q.v.); i.e., goal-object (g.v.); and as to the means-end-relations (q.v.), 
i.e., direction-distance correlations (g.v.) between the former and the latter. 

There are three fundamental moods of expectation, viz., perception (q.v.), 
mnemonization (g.v.), and inference (q.v.). 


There are no indications of behaviors in this definition. However, the 
definition does refer us “upward” in the definitional hierarchy to: 


Cognition (cognitive). A generic term for one of the two classes of immanent 
determinants (q.v.) of behavior. A cognition (a means-end-readiness (q.v.) or 
an expectation (q.v.)) is present in a behavior insofar as the continued going- 
off of that behavior is contingent upon environmental entities (i.e., types of dis- 
criminanda, manipulanda, or means-end-relations) proving to be “so and so.” 
And such a contingency will be testified to whenever, if these environmental 


entities do not prove to be so and so, the given behavior will exhibit disruption 
(q.v.) and be followed by learning. 


Thus, an expectation occurs as the expectation of a total sign-gestalt, that 
is, discriminanda- and manipulanda-expectations as to the sign-object, 
i.e means object and signified object, and the means-end-relations 
(direction-distance correlations) between these two. But in the definition 
of an expectation taken literally, all references are to the stimuli 
involved, and these references involve a serious ambiguity because, 
although we generally consider references to stimuli as being in (or easily 
reducible to) the data language, the “stimuli” referred to in this definition 
of an expectancy are not the “stimuli” of the data language at all, but 
rather the object of the expectation itself (intentionality again!). Insofar 
as this basic ambiguity exists, and conduces to an unjustified feeling of 
security in the acceptance and use of such a definition, we feel that this 
usage of “stimuli” should be understood to belong outside the data lan- 
guage, and in what we called above the “quasi-data language.” 

A related example, pointing out the easily overlooked failure of these 
concepts in use to conform to their formal, Glossary definitions, may be 
found in Tolman’s discussion (128, p. 71) of the Elliott study. Water- 
deprived rats had run a maze to water, and error reduction was consider- 
able. Deprivation and incentive were then shifted to food, and on the day 
of the shift there are increases in the time and error curves, with rapid 
recovery on subsequent days. The bump is explained as due to the “old 
cognitive expectation of water” (p. 72). A superficial and sympathetic 
reading leaves this explanation seeming very plausible. But 
seen that the “operational definition” of an expectation of w 
to saying that if the rat does not find water, the behavior 
thë “content” of a cognition is that state of the environme 
of which produces a disruption of behavior. Since here it js instead the 
demand variable which is manipulated to produce the disruption, there is 
no rigorous basis for the use of the disruption criterion to establish the 
“cognition.” The explanation in terms of the expectation of a non- 


we have just 
ater amounts 
breaks down; 
nt the failure 
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demanded goal object has a certain common-sense appeal; but it requires 
common-usage connotations, exceeding those of Tolman’s formal defini- 
tion, to do the explaining job it is given here. 

Although these constructs have been given unsatisfactory formal defi- 
nitions, it is not correct to infer that the constructs themselves have no 
definitions or lack all utility. They do lack definitional precision. In such 
a case, definition is intimately tied to the theoretical use made of the con- 
cepts in derivation. A further discussion of the definition problem appears 
below, in the context of our treatment of derivation. 


Principal Constructs 

In any listing of the principal intervening variables which Tolman has 
set forth, one encounters the difficulty that he has renamed some of these 
variables from time to time as he felt it appropriate in the context of dis- 
cussion, more felicity of expression, ete. Tt seems safe to say, however, 
that if we ignore the names and observe the part played in the theory by 
the several variables, there has been little change since the publication of 
Purposive Behavior in Animals and Men. The following list is a collation 
of intervening variables mentioned there, and in the articles “Determiners 
of behavior at a choice point” (1938) (141) and “There is more than one 
kind of learning” (1949) (151). In each case, the anchoring variables on 
the independent variable side are noted wherever Tolman has himself 


stated them. : , 
Demand. Functionally related to the independent variable M (Main- 


tenance Schedule). , 

Cathexis (1949) or appetite (1938). A joint function of demand and 
certain properties of the object cathected, the goal-object. 

Expectancy (1932; 1949) or hypothesis 1938). Functionally related 
to SOBO, a frequency notion, but most recently related also to motivation 
(1949) though not necessarily, he says, to need-reduction. There are three 
Moods (or, variously, modes) of expectancy: perception, inference and 


Mnemonization. ? . 
Means-end-readiness (1932). This variable is not clearly anchored; 
: = - diness m: 
however, there seem to be two classes: & means-end-readiness may be an 


Mnately given tendency to make certain responses in given environments 
Under various demands; in addition, it may refer to (“field-cognition 
modes”; 1949) a second-order disposition to acquire such first-order dis- 
Positions (3, pp. 472-481) as perceptions, mnemonizations and inferences. 
_ Differentiation (1938). Functionally related to stimuli; the reference 
1s to experimental facts more gencrally called discrimination. The con- 
cept seems not to warrant separate status; it is an instance in which a 
Parameter of a function describing another intervening variable, the 
drawing apart of expectancies, has been given separate status as though 


it A 
were another “variable.” 
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Motor skill (1938) or motor patterns (1949). A dispositional concept 
relating to the organism’s motor potentialities. 

Biases (1938). Functionally related to P, the pattern of preceding and 
succeeding maze units. As stated previously in the discussion of the in- 
dependent variable P, the utility of giving these separate status from 
expectancies (as a function of SOBO) is not clear. 

Equivalence beliefs (1949). These differ from cathexes in that the 
object of a cathexis is actually ingested, copulated with, ete., while the 
object of an equivalence belief is a sort of “foyer,” anteroom, or place 
where cathected objects are found. They would seem to play a role some- 
what comparable to that of “secondary reinforcers” in S-R-reinforeement 
theories. 

Drive discrimination (1949), These would seem, on the independent 
variable side, to be anchored to the same variables as are cathexes; on the 
dependent variable side they seem to be undifferentiable from them. Thus, 
to say that a rat “knows that he is thirsty rather than hungry” pre- 
sumably means among other things, that he will go wherever water is, 
engage in consummatory behavior with respect to water, etc. The cate- 
gory of equivalence beliefs means that water jars and nozzles will be 
cathected by him; together these would seem to cover all of the data that 
are covered by “drive discrimination.” The drive-discrimination variable 
specifies a qualification on the cathexis statement by asserting that all 
demands do not indiscriminately affect all cathexes, 


Relations Assumed Among Constructs 


These constructs, as enumerated above, have not been formally related 
to one another; if they had been, the occasional difficulties in discriminat- 
ing the differences between them might vanish either through the addi- 
tional definition which the relating itself would provide, or through a 
redefinition by Tolman himself if the relating reveals that some of the 
variables are functionally indistinguishable. 

There is available (128, p. 407) what appears to be a mixed causal- 
functional chain of variables leading to a final response occurrence. The 
diagram is incomplete for the present purpose, since it does not include all 
the proposed intervening variables. This chain runs as follows: 

(1) Starting with Stimulus Variables, these lead to discriminanda and 
manipulanda-expectations, related to the organism’s capacities (capacity 
variables: discriminanda and manipulanda capacities) which function here 
as parameter values; 

(2) The discriminanda-manipulanda-expectations thus established 
lead to a Sign-Gestalt-Expectation, depending parametrically on the or- 
ganism’s means-ends-capacities (that is, capacities for perception, mnemo- 
nization and inference). It is not clear here whether the Sign-Gestalt- 
Expectation is supposed also to depend on the means-end-readinesses, 
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depending parametrically on the O’s consciousness-and-ideation-ability. 

(4) As a result of this Running-back-and-forth (VTE) the O pro- 
vides himself with Sz (new stimuli, presumably both exteroceptive and 
interoceptive) which lead to new manipulanda-discriminanda expecta- 
tions, thence to new sign-gestalt expectations, with the same parameters 
affecting these linkages. 

(5) Throughout the chain, the Demand variable has been present; 
“These depending demands control the whole line of the S—> R process” 
(p. 407). An initial physiological state leads to a “Demanded Type of 
Goal” (presumably this means demand for a given type of goal) depend- 
ing on means-end-readinesses, innate and acquired, and also demand for 
subordinate (equivalence belief) goals. 

(6) The all-important linkage to response is handled rather casually as 
follows (p. 407): “[These demands lead the organism] to respond to the 
given S as presenting an appropriate means-object.” 

It has been repeatedly pointed out by Tolman’s critics that this sort of 
diagram is really not a system or a proposed set of laws, but rather a 
framework for laws, in which we are told what is related to what in the 
construct system but not much (if anything) about the character of 
the relations. 


Methodological Characteristics 


Explicitness of formulation. Until the publication, in 1949, of the 
article, “There is more than one kind of learning” (151), the explicitness 
of Tolman’s system was limited to a statement of the kinds of variables 
and kinds of axioms that he intends to use (see Purposive Behavior in 
Animals and Men, pp. 372-374, for his list of “modified and new laws” 
for conditioned response, trial and error, and inventive learning). The 
1949 article discusses the laws of acquisition, de-acquisition and forget- 
ting of cathexes, equivalence beliefs and (field) expectancies. The ex- 
plicitness of these laws may be estimated by a consideration of them 
separately. 

For cathezes, acquisition depends upon the adequacy of the object for 
physiological need reduction, and it is guessed that “numbers of repeti- 
tions and amounts of need reduction per repetition would, no doubt, turn 
out to be the two major causal variables and that the curves would un- 
doubtedly be exponential in form” (151, p. 147). For de-acquisition, if 
need reduction following, say, the ingestion of food could be prevented, 
the cathexis for such food would weaken. Cathexes are not, however, for- 
gotten with the mere passage of time. 

For equivalence beliefs, primacy, frequency and intensity of need- 
reductions, as well as early traumatic experiences, are tentatively sug- 
gested as the principal causal factors in acquisition. There is no guess as 
to the condition of de-acquisition (although this is recognized as a major 
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clinical problem; the neurotic may be thought of as having erroneous 
equivalence beliefs). As for forgetting, Tolman admits that the evidence 
1s small, but postulates that equivalence beliefs are not forgotten but have 
to be unlearned. It can be seen here that, within the limits of the tenta- 
tivity of these “axioms,” an additional differentiation between cathexes 
and equivalence beliefs is suggested in the clear difference in their laws; 
cathexes weaken if need-reduction is withheld, but the hall-mark of the 
equivalence belief is the substitute acceptability of a means for an end. 
and hence the continued strength of an equivalence belief without need- 
reduction. This seems to put Tolman with Allport in the matter of func- 
tional autonomy. 

For field expectancies (the older sign-gestalt-expectations and the 
newer cognitive maps), the factors of acquisition are frequency and mo- 
tivation. “But this does not mean that I hold that such learning consists 
in the stamping in of S-R habits by reinforcement .. . [a goal]... 
Probably does give a special vividness to that locus in the total field ex- 
Pectancy” (151, p. 151). To these must be added the perceptual, mne- 
monic and inference abilities of the organism. De-acquisition occurs 
When, and only when, the environment changes so that the previous ex- 
Pectancy is unsuitable; hence de-acquisition is an “interference” at the 
Cognitive level. As to forgetting of expectancies, true forgetting with the 
Passage of time does occur; particulars may be lost, in the Bartlett- 

estalt sense of simplifying and sharpening. 

or motor pani ian points out (151, p. 146) that these “have 

to be included by me, since I do not hold, as do most behaviorists, that all 
earning is, as such, te attachment of responses to stimuli.” To include 
em, Tolman expresses a willingness to agree with Guthrie that move- 
Ments are learned rather than acts, and the Guthrian formulation of con- 
itioning by contiguity is accepted with a protest that movements which 
are learned are “embedded in a larger goal-directed activity.” These 


Movements, when learned, are available to the organism for trying out in 
a ld seem to be required in the interpreta- 


t te literally, a good case could 
uisition involve a striking 
on, to the peripheral (as opposed 
© the ¢ : S-R or S-R-reinforcement theory. Un- 

entral) entailments of an explicit as to the limits of this 


agreement : A we 
with Guthrie. If, however; : 
nts as to the central character of a learned expectancy, and to the 


Spirit of the system, we note: “Cathexes, equivalence beliefs, field expect- 
ancies, field-cognition modes and drive discriminations are not, as I de- 
: e them, stimulus-response connections. They are central ama 
ach of which may be expressed by & variety of responses. The actua 
Nature of these responses is, however, also determined by the character 
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of the motor patterns at the organism’s command” (151). Perhaps an 
acceptable translation would be: given the final field expectancy, the 
form of the responses may be a motor habit. The problem of getting to 
the response has always been considered to be a special problem for Tol- 
man. Part IV of this section will consider this “problem of getting to the 
response” and offer one kind of suggestion for its solution. 

Tolman has only recently offered the above axioms; they are seen to 
be very tentative and imprecise. These are not, of course, sufficient 
grounds for criticism; the sense in which they are criticizable will be 
noted in the section in this chapter dealing with our own suggestions to- 
ward axiomatization. 

Quantitativeness. Tolman’s system would seem to be so constituted as 


to permit quantification, but the step has never been taken. Hilgard (37) 
has stated: 


In spite of a clear outline of what a systematic theory ought to be, Tolman 
has nowhere attempted quantitative predictions paralleling those of Hull, so 
that his conjectures have not, in that sense, been put to the test. This does not 
mean that his experiments are unrelated to his theory. There are, in fact, many 
predictions, but they assert that one path will be preferred to another, that 
under one set of circumstances the problem will be easier than another set, and 
k a. D dimensional analysis that completes the function is not provided 

p. 265). 


It is difficult to make an assessment of the degree of quantification of this 
or any other theory. See Part IV, this section, for a possible “scale of 
quantification,” with remarks as to Tolman’s position on it. 

Consistency and independence of the postulate set. In order really to 
evaluate the consistency of Tolman’s system, explicit formalization is @ 
necessary first step. Since this has not been taken, the evaluation is im- 
possible. Similarly, since to show that the postulates are independent 
would involve showing that none can be derived from the others as theo- 
rems, the proof of independence would presuppose an explicitness of 
axiomatization not present in Tolman. Formal treatments of the question 
of independence are hardly necessary at this stage of behavior theory. 

Models. Tolman has not used models in his system-making up to 1949. 

Techniques of derivation. The derivation of experimental results from 
Tolman’s system is, due to the informal axiomatization which character- 
izes it, exclusively informal. To illustrate this informality, it is an inter- 
esting exercise to note in a recent paper by Tolman“. . . the actual ex- 
periments . . . out of many which I have selected to report . . . which 
seem especially important in reinforcing the theoretical position I have 
been presenting” (150, p. 193), and to examine critically his method of 
relating these to the theory. He treats of five classes of experiments: 

(1) Latent learning. In discussing the results of the Blodgett experi- 
ment, Tolman says: 
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It will be observed that the experimental groups as long as they were not 
finding food did not appear to learn much. (Their error curves did not drop.) 
But on the days immediately succeeding their first finding of the food their error 
curves did drop astoundingly. It appeared, in short, that during the non- 
Tewarded trials these animals had been learning much more than they had 
exhibited. This learning . . . Blodgett called “latent learning.” Interpreting 
these results anthropomorphically, we would say that as long as the animals 
were not getting any food at the end of the maze they continued to take their 
time in going through it—they continued to enter many blinds. Once, however, 
they knew they were to get food, they demonstrated that during these preceding 
non-rewarded trials they had learned where many of the blinds were. They had 
been building up a “map,” and could utilize the latter as soon as they were 


Motivated to do so (pp. 194-195). 


Aside from the fact that it is not quite correct to say that the error 
curve of the latent group did not drop in the latent phase, one could note 
that the actual “derivation” of latent learning phenomena from Tolman’s 
theory here is simply not given. The tie-up is made only by pointing to it 
as a presumed instance. His earlier negative use of Blodgett’s results, as 
a criticism of the law of effect, was clearer (128, p. 348). 

(2) Vicarious trial and error, or VTE: 

_ But what, now, is the final significance of all this VTEing? ... My answer 
18 that these facis lend further support to the doctrine of a building up of 
maps. VT'Hing, as I see it, is evidence that in the critical stages—whether m 
the first picking up of the instructions or in the later making sure of which 
Stimulus is which—the animal’s activity is not just one of responding passively 
to discrete stimuli, but rather one of the active selecting and comparing of 
stimuli (p, 200), ` 

Here derivation is pursued by the device of opposing such vague, un- 
defined terms as “passively” and “discrete stimuli” to such phrases as 

active selecting and comparing of stimuli.” It is hardly possible to view 
this as acceptable deduction of experimental consequences, even within an 
®vowedly incomplete theoretical structure. : 

To get from the axiom: Organisms form maps, to the theorem: VTE 
occurs, it is not sufficient, or even clearly relevant, to refer thus loosely 
to the contrasted $-R formulation. However, since it is referred to, one 
may question the incompatibility between the statements: 


. (a) Jumping to a white card is strengthened by a reinforcing consequence; 


Jumping z is weak its absence; and 
5) oe A tal om times before they jump. 

“u As a matter of fact, Spence (95) has shown how “non-paseivity, or 
Paying systematic attention to the relevant stimuli,” may be derived as 
Consequence of reinforcement theory. We are not concerned here, of 
Course, to defend Spence’s derivation. Even if it were rejected, the point 
‘Ss that Tolman seems to take as somehow obvious the relation between 
8 (or Spence’s) theory and the facts, letting such words as “passively 


a 
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and “significant” serve as substitutes for an actual derivation. It may be 
that statements (a) and (b) above are incompatible in some way not 
clear to us; but surely their incompatibility needs to be exhibited by some 
line of argument. 

(3) Searching for the stimulus. The experiment referred to is an un- 
published one by Hudson in which rats failed to exhibit an avoidance re- 
sponse to a stimulus which disappeared coincidently with the administra- 
tion of an electric shock. In commenting on this, Tolman says: 

I feel that this experiment reinforces the notion of the largely active selective 
character in the rat’s building up of his cognitive map. He often has to look 
actively for the significant stimuli in order to form his map and does not merely 
mgs eed receive and react to all the stimuli which are physically present 

p- s 

The alleged inference seems to hang chiefly on the vague and emotion- 
ally connotative word passively. The impossibility of deriving this 
“searching” on S-R principles also needs to be shown; and there is no 
move made toward showing it. 

(4) The “hypothesis” experiments. Reference is made to the non- 
random response sequences exhibited by Krechevsky’s rats when he pre- 
sented them with an unsolvable problem in maze running. Again, Tolman 
does not relate this phenomenon to the theory. 

(5) The spatial orientation experiments. None of these is explicitly 
derived in the article. However, the point of the spatial orientation series 
in supplying an evidential basis for a cognitive map view (and against 
S-R views) is somewhat obscure because of the failure of theorists on 
both sides to define clearly what they intend by “a response.” This will 
be discussed at length below. 

Two things may be said in respect to these five classes of experiments 
as supports for the cognitive map point of view: First, those which are 
offered as embarrassments of law-of-effect or contiguity formulations 
cannot be considered as arguments for the cognitive map formulation 
unless the competing systems are shown to be mutually exclusive and 
exhaustive. Secondly, there is no evidence of formal derivation in Tol- 
man’s discussion of them. It does seem as if these results might flow as 
consequences from “some such theory,” and the failure to be able to show 
whether they would do so is due to the method of definition of concepts 
and the informality of the axiomatization. 

It is appropriate now to refer back to the question of the definitions of 
the concepts, whose clarity has not increased much by noting their use in 
derivation. The argument might be made that, for example, the terms 
for which the Greek letters were substituted above are implicitly defined. 
Thus, when a critic asks for a definition of a certain term or expression 
which occurs in a scientific theory he may be answered simply by exhibit- 
ing all of the sentences of the theory. The “meaning” of a construct is dis- 
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closed by seeing it’s role in the system. Philosophical workers in the field 
of logical analysis are increasingly aware of serious and involved prob- 
lems in this area (9, 34, 82). To the extent that words occurring in the 
theorems have empirical coordinating definitions, and if the theorems 
really do follow from the axioms, then all of the words in the axioms are, 
So to speak, “given empirical meaning.” Therefore, in an admittedly in- 
complete system the truth of the axioms is not only doubtful, but even 
the meaning of the terms partakes of a certain vagueness. Such a set of 
terms is said by Hempel to be “partially interpreted.” There are many 
difficulties and unsolved problems here, and psychologists cannot afford to 
be dogmatic when the methodologists are in such doubt. 

Recognizing this unsettled condition of the general issue, it seems ad- 
mitted that the meanings of such implicitly defined terms, are, so to 
Speak, nailed down by piling up the theorems derived from them. When 
a word, e.g., hunger, is found in several contexts, it is possible to “take a 
fix” on it, to carry out what Feigl has called “triangulation in logical 
Space.” The defining of terms by exhibiting their formal roles presup- 
Poses, however, a formal role to exhibit; hence, discussion of implicit 
definitions in Tolman’s system has necessarily been delayed. The Greek 
letters in our expansion of the “Inference” construct might be justified as 
introduced by implicit definitions via the system as a whole, were it 
explicitly axiomatized. But, as has been shown, these derivations are “in- 
formal,” when they are not simply absent! In such a system it is hardly 
Possible to speak of implicit definitions since the formal role of a con- 
Struct cannot very well be exhibited informally. We conclude that Tol- 
man’s formulations do not permit any satisfactory implicit definitions for 
the “operational” ones he officially advocates. 


Empirical Content and Adequacy 
b Range of data purported covered. ' ; l 
© a “complete” psychology of “docile” behavior. In all fairness, it must 
be said that he is under no illusion that he has, indeed, completed it. It 
as been noted previously that rats in mazes have nearly exclusively been 
3S source of empirical support, so that at least he could be considered as 
intending to develop a fairly complete theory of maze behavior. Whether 
e laws of learning as “laid bare” in, or by, the rat, will ever constitute 
à Complete psychology in a broader sense is & question that cannot be an- 
Swered until its own laws are reasonably complete; but this is applicable 
© any theory and is hardly uniquely remarkable of Tolman, 
i Pecificity of prediction demonstrated. Insofar as Tolman’s is not a 
aghly quantified system, predictions from it have been, perhaps exclu- 
“ively, of a presence or absence; right or left, more or less, faster or slower 
Sort. Insofar as the axioms and derivations are informally stated, it is not 
“Iways clear whether the predictions that have been made follow from the 


Tolman’s is obviously intended to 
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theory or whether they are, as some are admittedly, guesses made anthro- 
pomorphically or on the basis of common sense. 

Obvious failure to handle facts. Since the derivation of experimental 
results has been characterized by extreme informality, gaps in the theory 
are difficult to detect. There is, at least, a vocabulary with which to dis- 
cuss most of the data of learning, although the quantitative vocabulary 
is lacking as the theory now stands. The inadequacies of definition of the 
principal constructs (as pointed out earlier) suggest that more complete 
operational definition of the concepts would make them unsuitable for 
some of the explanatory sentences in which they now stand. A more flexi- 
ble method, and one more likely to preserve the connotations of the con- 
structs as Tolman now uses them, would be to define these terms im- 
plicitly, in which case a test of the adequacy of the theory with respect 
to the data would depend upon the explicitness of the axiomatization. But 
as neither of these steps has been taken, the range of applicability of the 
theory is nearly impossible to assess. The temptation to over-estimate the 
utility of the concepts is heightened by the non-technical connotations 
that accrue to such words as “expect” and “infer.” 

There are certain guarantees built into the system which may be used 
to account for failures of prediction. Thus, emphasis, as a relatively un- 
defined property associated with motivation, may be used to account for 
the failure of the rats in one type of latent learning study (called Type 
4 below) to learn where a non-valenced goal-object is to be found; or 
“fixation” of responses by overlearning, or emotion, may be used to ac- 
count for failures of place-learning. We do not mean to suggest that these 
concepts are intrinsically without merit; but until they have been more 
carefully defined and quantified, there is no clear restraint on their ad hoc 
usage. 


Programmaticity 


The most serious obstacle to an evaluation of the cognitive learning 
theory of Tolman is the unspecificity of its axiom set. Tolman has shown 
a tendency to restate the system by revising its vocabulary (ie., “sign- 
gestalt-expectations” become “cognitive maps”) and by recounting illus- 
trative experiments (often mainly because they are disquieting to the 
law of effect theorist, though only thus deviously related to the affirma- 
tive side of the cognition theorist’s argument). The programmatic nature 
of this system is most clearly suggested by noting that in 1932 Purposive 
Behavior in Animals and Men iists (pp. 372-374) only the kinds of laws 
that will be needed in a purposive behaviorism; and in 1949 he says, “And 
although, as usual, I have been merely programmatic and have not at- 
tempted to set up, at this date, any precise systems of postulates and 
deduced theorems, I have made some specific suggestions .. .” (151, 


p. 154). 
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IU. ABILITY OF TOLMAN’S THEORY TO ACCOUNT 
FOR FACTS NOT PREDICTABLE FROM 
COMPETING THEORIES 


If we ignore the question of whether such facts are accounted for by 
Tolman’s theory as it stands, we can note that the data of the latent 
learning studies are the kind which Tolman intends to account for, and 
for which he believes S-R and S-R-reinforcement theories are inadequate. 
The experimental designs which are used to test for latent learning are 
very diversified; Thistlethwaite has reviewed this literature (106). In 
general, latent learning is revealed in an abrupt, or somehow discontinu- 
ous, change in response tendency when drive and incentive are first ir- 
televantly matched (the latent learning period) and then relevantly 
matched (the test period or trial) in a given experimental setting. “Rele- 
vant” and “irrelevant” are definable in terms of maintenance schedule 
operations, behavior of the organism in the presence of the incentive, etc. 

Abruptness” may be given statistical definition, as a significant shift 
from the random or systematic response tendencies before the drive- 
incentive matching experience (as in the T-maze studies, the behavior of 
the rat running the maze hungry for the first time after previous exposure 
to a food incentive in the maze while satiated for food; or as in the Blodg- 
ett design, the reduction in cul-entries when rats first find food in the 
maze after having run the maze while hungry but without food in 
the Zoal-box). r 

Part of the question with respect to the latent learning studies is the 
extent to which they do reveal inadequacies in the S-R-reinforcement 
formulations. From this standpoint, certain of the designs seem to us not 
to be determinate, as will be seen below. In this regard, it may be noted 
that the reinforcement theorist’s use of the re construct, at least its use 
according to a broad definition in which no peripheral event is entailed, 
an apparently mediate any outcome which a cognition theorist would 
call an “expectancy.” The re construct with a peripheral event entailed 
1S equally powerful (although severely strained for the Blodgett and free 
Maze exploration types), but then the burden of proof of the peripheral 
activity presumably falls on the user of the concept. 

ive categories of latent learning studies are noted: i 

1. The Blodgett type. Drive is strong and unmanipulated (by mainte- 
Nance schedule) throughout; the incentive is introduced later in a series 

Maze runs. Latent learning is revealed -by the error record on the trial 
Subsequent to the first feeding in the maze if the drop in errors is larger 

an the first, or the largest single, drop in the error curve of a control 
8toup which has been fed from the first run, or by a steeper drop in errors 
Tom the same level on the ordinate. There have been nine such studies 
Teported; of these, seven have been interpreted as positive [Blodgett (2), 
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e 
Elliott (23), Herb (35), Simmons (89), Tolman and Honzik (162), war 
lace, Blackwell and Jenkins (184), and Williams (186) ]. Two are geep 
[Meehl and MacCorquodale (65), Reynolds (76) ]. The “latent aa 
in both these studies showed considerably more error reduction during thi 
latent phase than Blodgett’s did. ‘hich 

The Blodgett experiment is extensively cited as the case for whic 

S-R-reinforcement theory is inadequate, and it is often used to a, 
the difference between S-R-reinforeement and cognition theories. Hence 1 


is important to examine its design and the results it provides to determine 
whether it is, indeed, an experimentum crucis in any respect. 


The core of the argument from the Blodgett design concerns the drop 
reinforcement introduced after a series of less 


count for, and thus that in the pre-reinforcement runs “learning that 
didn’t show” was takin ‘ 
reduction to be predicted from one reinforcement, the cognition theorist 
points to the error drop occurring after the first reinforcement of a control 
group, which is fed on its first run, The comparison may also be made 
against the largest single drop in errors shown by the control group, or 
against the drop made by the controls from t} 
dinate. The third of these com 


but on, say, the seventh run woul 
forcement theorist to have the s 


the effects of a given reinforcement upon the habi 
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. The burden of this proof of equality rests with the user of this design 
if he intends to demonstrate the inadequacy of reinforcement theory to ac- 
count for as much learning as is observed. The S-R-reinforcement theorist 
need not, actually, show that these other factors are în fact unequal in 
this design, if he can show from findings in other experimental settings 
that the different histories of the two groups might have produced system- 
atic differences in either drive or competing response tendencies by the 
times the comparisons are made, and that these differences would be in the 
direction which favors a larger drop in errors by the experimental group. 
If this can be done, the cognition theorist’s argument that these histories 
have produced difřerences unaccounted for by reinforcement principles is 
Vitiated. Only to the extent that in the Blodgett design “equal errors” 
implies “equal habit strength” is the cognition theorist’s argument from 
the Blodgett design valid; to the extent this equivalence does not hold, the 
argument is invalid. The Blodgett type of experiment is cited by cognition 
theorists as inexplicable by S-R-reinforeement theory. In such an argu- 
ment, one must obviously allow the S-R-reinforcement theorist all of his 
theory when he is asked to account for the results. Consequently the 
burden of proof upon the cognition theorist includes a showing that the 
Conditions for any comparison within the framework of S-R-reinforce- 
ment theory have been met by the experimental design. 

It seems doubtful that he can do so. When the comparison in the 
Blodgett design is between the Experimentals’ post-reward drop and the 


drop in the Control’s curve from the same point on the ordinate which 
characterized the Experimentals on their first rewarded run, what should 
predicts that the effects 


be the S-R-reinforcement prediction? S-R theory ‘ 
of reinforcement would be equal for the two groups only if SER eta BIOUDS 
are shown to be equal in three additional respects: (1) the initial sH,’s 
must be the same; (2) the increment to sHr must be the same; (3) fol- 
lowing the reward with the resulting and still equal sHr s; drive and 
competing sEp’s must be the same so that the equal sH,’s will yield 
oe post-reward error scores, hence equal drops in the error curve. Let 
S examine th required assump $ i 
Consider fee Se aes of equality of the sHr's at the point of 
Comparison, In the cognition argument this is claimed from the equal 
eight of the ordinates just before the experimental group is reinforced. 
Ut equal performance implies equal sHn’s only, again, if (1) the drive 
States of the two groups are equal, and (2) competing responses are 
equal, There is some reason to doubt that in the: Blodgett experiment the 
"We states of the two groups were equal at the times the corresponding 
reinforcements were given. If the comparison made is with reference to an 
ordinate reached by the controls at any time subsequent to their first 
Maze run S-R-reinforcement theory implies some degree of drive in- 
“quality favoring the controls, on the basis of conditioned motivation. 


tions. 
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Exteroceptive maze cues should become elicitors for some of the com- 
ponents of hunger-drive as a result of the feeding experiences in the maze 
situation, so that after one or more food-rewarded runs the controls 
should be psychologically “hungrier” than the experimentals on the same 
maintenance schedule who have not, however, been getting fed in the 
maze. This concept of conditioned drive was explicitly set forth in Hull’s 
1949 postulate set (39, Postulate III, Corollary i, p. 175) and appears in 
his posthumous book (40, Postulate III, Corollary i, p. 6). Earlier (1941) 
but less formally, the notion was developed and extensively utilized by 
Miller and Dollard in their application of S-R-reinforeement theory to 
the human social case (68, Chap. IV and passim). Once the idea that 
there are stimulus and response components of drive is admitted, the 
occurrence of drive-conditioning flows readily as a consequence of the 
postulates proposed by Hull in his 1943 book (88). Several experimental 
approaches to this concept are possible, one of which we have taken in 
an experiment modified from Blodgett’s (67). We showed that a feeding 
experience in a maze-like situation, not following a maze run and not 
at the goal-box end (or in its direction), produced a significant drop in 
errors and faster running, with no further maze exposure to yield an in- 
crement in habit strengths (or cognitions, for that matter). This finding 
would seem to support a suspicion that Blodgett’s experimentals must 
have lacked some of the evocative drive of the controls, due to the lack 
of opportunity for acquiring such conditioned motivation. In a series of 
studies utilizing a different experimental setting, Seward, Datel, and Levy 
(86) attempted to test our hypothesis, with equivocal results. If the 
experimentals, on their last pre-food-reward day, are less motivated than 
the controls on their comparison day, a matching of ordinates (reaction 
potentials) implies a systematic unmatching of habit strengths. That is, 
at a comparable level of performance the experimentals (being less 
motivated) must have more habit strength favoring the correct path than 
the controls. The food-reward given for the first time at the end of this 
run makes available, on the following day, a heightened drive factor. 
According to Hullian theory, this increment acts mathematically as a 
multiplier of any habit-strength differences between true path and culs, 
and (under a suitably chosen range of parametric assumptions) should 
produce a steeper drop than that given by the habit-strength increment 
at some post-initial stage of the acquisition process, 

During the latent phase, the ex 
favoring the true path. Two re 
76) show considerable error re i 


| ur assumption that 
habit strength exceeds that of the 
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controls when the latter’s ordinate was comparable to that of the experi- 
mentals immediately pre-reward, the sHp increment yielded by one food- 
reward should be less for the experimentals (due to the decelerated form 
of the sH,-acquisition function). This complication operates in opposi- 
tion to the effect just discussed. Whether it would be sufficient in amount 
to obscure the hypothesized effect entirely involves several rather com- 
Plex quantitative questions, not readily (if at all) answerable within the 
Blodgett design itself, Avoiding rash assumptions about these matters, 
it seems legitimate to argue that the drive-conditioning hypothesis must 
be given serious consideration as one of the contributors to the Blodgett 
effect; and that, in the light of our present ignorance of the parameter 
Questions involved, it cannot be excluded as a possible S-R-reinforcement 
explanation of the phenomenon. 

But even this does not exhaust the complications which the design 
Seherates within a Hull-type theory, and, presumably, for any form of 

-R-rein forcement theory made sufficiently explicit to predict for the 
maze case, In the preceding discussion we have treated the habit strength 
and drive multiplier as if they were associated with some abstract, “gen- 
eralized” choice-point; so that the quantitative arguments relating 
changes in these variables to the observed datum (total errors per maze 
Tun) would hold strictly only if the relative effects of conditioned moti- 
Vation and sHp increment were not different over the several maze units. 
And this is surely not the case. Having been given food-rewards in the 
80al-box, the controls (when manifesting any given level of “perform- 
ance” defined as total errors) can be assumed on the basis of other maze 
Studies to show a start-to-goal error gradient, although Blodgett does not 
Present an error breakdown by units. This gradient should be less distinct 
for the experimentals, who (when at a comparable total-error perform- 


Rite level) have been operating on t 
and for whom the goal-box as such m 


Over the six uni i same quan 

tion creates we bre ices a the relation of the two sorts of 
Strengthening operations being compared (drive-conditioning versus sH pr- 
Merement due to the reward); and the asymmetry favors a Blodgett 
effect, For when the drive-conditioning factor is already present (control 
Sroup) , the increment in gH given by one additional food-reward cannot 
`° assumed to be equal over all six units, and in fact, in the case of units 
in q question, the impact of the 


Which an error was made during the run 10 
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the sHpr increments yielded by a single food-reward for the controls to be 
unequally distributed over the six units, varying considerably from rat 
to rat depending upon just what he did (and the all-important temporal 
factors of his doing it!) on the run in question; but, statistically speak- 
ing, being progressively feebler as we consider units more remote from 
the goal. , 

For the experimentals, with a more equalized sH p difference from unit 
to unit, the drive-conditioning operation should theoretically exert a more 
massive effect, since it operates mathematically as a multiplier applied 
to all six units at once. A little computation with plausible quantitative 
examples will convince the reader that this asymmetry between the 
reward as an sHp-increaser and the reward as a drive-conditioner can, 
within a considerable range of parametric assumptions, make a marked 
difference in the performance error-drop. A fairly direct test of the above 
reasoning would probably require a longer maze and large numbers of 
animals, since the Blodgett maze is very highly patterned as to error- 
frequencies and the sixth unit is so quickly eliminated (even by non- 
fed animals) as to yield an essentially five-unit maze after very little 
exposure, 

Consider next the third necessary assumption, that of the equality of 
competing response tendencies. The chief competing response tendencies 


involved in maze running may be subsumed un 
ploratory disposition.” 
tory disposition as a d 
to have at least some d 
nance schedule and a: 


early exposures to a maze ¢ 
negligible strength. Ni 
tion of this “need” in th 
of such informal (b 
shown by 24-hour 
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tration” into it, quite apart from any reward associated with getting to 
the maze end. 
7 These considerations show that what is customarily designated as a 
earning curve” in multiple-unit maze studies is not a pure learning 
curve (either in the sense of habits or cognitions), but is a composite 
curve—the resultant of interaction between the underlying course of 
learning and the reduction (“satiation” or “negative adaptation”) in the 
exploratory tendency. The usual maze experiment presumably gives us 
a very obscured indication of the building up of habits or cognitions; we 
do not know what the form and parameters of the acquisition function 
Would be like for an “ideal rat,” constructed so as to be a pure sHpr- 
accumulator (or knowledge-acquirer). We suggest, however, that the 
kind of performance curve exhibited by Blodgett’s experimentals, once 
their food-reward is introduced, is a better approximation to the idealized 
Case of a learning process uncontaminated by emotional and investi- 
Batory interferences—a better mirror of the underlying acquisition func- 
tion—than is the usual “maze-learning” curve as represented by the con- 
trols, Regardless of the stand one takes on this question, it seems fair 
to say that matching performance ordinates is not, prima facie, matching 
e underlying sH p’s, but rather is systematically unmatching them. Here, 
OWever, the presumed (correct-path) sHpr favors the controls, since their 
Ordinate is a resultant of the influence of the true-path sHp’s and an 
OPposeq “exploratory” sEp which is stronger than that of the experi- 
mentals (on a later day). The impact upon sHg of a food-reward is thus 
Ereater for the experimentals, making the usual Hullian assumption of 
°celeration for the sHn-acquisition function. Hence the decline in errors 
lowing this reward should be steeper than that for the controls starting 


rom an e uated performance level. , 
But thats are still additional complications. Whatever the impact of 
© single food-reward upon the habit strengths, what of the competing 

*xPloratory „Ap's on the nert trial? We have suggested that the effect 

of the first food-reward upon the next day’s choices for the experimentals 

tay be looked upon as the “pure, unadulterated” consequence of re- 

‘forcement, now unimpeded by the interference of exploratory responses. 

hether this factor works “for” or “against” the Blodgett effect depends 

Upon further quantitative issues. If one thinks of the effective sEr for 
me Path as a linear resultant of the exploratory s¥x's for cul (and true 


i. !) together with the new sZr contributed by food-reward, the forts 

m e€ exploratory-satiation function becomes all-important. If it is 

arkedly decelerated, this summative process works counter to a 
a ’ 


Odgett effect: si remen between two early trials 
(cont eat; ande the der between two late trials (experl- 
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Blodgett effect. If, finally, it is ogival, and the flex point lies somewhere 
between the abscissas determined by the equating of performance ordi- 
nates, whether a Blodgett effect were favored or not would depend upon 
the slopes at the two points of the ogive. 

The preceding discussion treats the exploratory disposition as if its 
only contribution to the situation lay in its role as an sEr for cul entry, 
competing with the “correct” s#,’s. Again, even superficial familiarity 
with the actual character of a “naive” rat’s early maze behavior shows 
that this is a gross oversimplification. In terms of S-R-reinforcement 
reconstructions of maze-learning, the greater strength and variability of 
such concurrent investigatory responses as halting, reversal, standing up, 
sniffing in corners, freezing, sudden spurts and the like, so characteristic 
of the less adapted rat, should theoretically reduce the efficiency of the 
various mediating mechanisms (e.g., chaining effects, secondary reinforce- 
ment, “pure stimulus acts,” drive conditioning) and hence attenuate the 
impact of a reward given at the termination of a run. 

It must be emphasized that the entire preceding discussion of the prob- 
able role of competing sEpr’s contains lacunae at several critical stages 
due to our experimental ignorance of certain quantitative matters; and 
that some of the possibilities work in directions antithetical to others, 
although to an unknown extent. None of the behavioral tendencies in- 
voked are purely ad hoc, however, being here carried over from empirical 
findings in other setups. Some of them have received reasonably direct 
support within the Blodgett situation itself, At the least, it seems fair to 
say that the required assumption of equality of competing sZp’s is not 
prima facie justified, but, if anything, rather unlikely. The core difficulty 
seems to be that any experimental procedure which allows a rat an 
opportunity to establish either cognitions or habits in a maze will also, 
unavoidably, permit him to adapt emotionally and “satiate” his explora- 
tory drive. To the extent that he has, S-R-reinforcement theory predicts 
that the effect of one reinforcement will be, if not an exactly specifiable 
amount, at least greater than that for an unadapted, unsatiated animal. 

A final complicating factor in the Blodgett design is that we are unable 
to state definitely that the two groups are equal in unconditioned drive 
strength. The crucial reinforcements are given at times when the two 
groups have been on the feeding cycle for different periods. In Blodgett’s 
experiment a pre-experimental feeding cycle was in effect only three days) 
thus the control group was first reinforced on the fourth day, while one 
experimental group was first reinforced as late as the tenth day after in- 
ception of the cycle. We attempted (65) to reduce the relative diserep“ 
ancy necessarily involved here by extending the pre-experimental feeding 
cycle to seven days. It is surely possible that by the time of its first feed- 
ing, the experimental group, with its longer history of deprivation periods: 
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has an accumulated deficit which makes it hungrier. It would be difficult 
to do, but the design would seem to require that a prolonged pre-experi- 
mental feeding cycle be used, to ensure that both groups are at the 
asymptote of (unconditioned) drive strength for the deprivation period 
used (22 hours) and the amount of food given. It seems unlikely that such 
stability could be achieved unless the amount of food given were care- 
fully calibrated so as to ensure day-to-day equality of drive strength for 
“22-hour hungry rats.” The literature on the effect on sr of deprivation 
at the time of reinforcement is ambiguous (6, 29, 44, 60, 77, 103); the 
functions scem not to be linear or even monotonic, but the evidence does 
not preclude drive level’s acting as a parameter in the acquisition func- 
tion. If there is a range over which this relationship is positive, and if the 
Blodgett design is operating within it, the influence for the experimental 
group opposes the action of conditioned drive, presumed (as we have 
Seen) to be less for the experimentals before and at the time of its 
first reinforcement. But on the other hand, it suggests that the sHz for 
the experimentals must have been lower than that of the controls on the 
matched run, and, therefore, that the sHp-increment yielded by the 
terminal reinforcement should be larger for the experimentals due to 
the deceleration of the sHx-acquisition function. Hence this possible 
inequality in unconditioned drive works at two points in the intervening 
variable chain in favor of a Blodgett effect, and at one point in opposition. 
Whatever its effect at the time of reinforcement, drive strength is 
clearly at issue as a relevant variable on the first post-reinforcement run, 
When the sH,p’s created earlier are “activated.” In predicting the size of 
the drops for the two groups, the possibility of this difference and its 
direction must be taken into account—conjointly, of course, with the dif- 
ferences between the sHp’s and competing response tendencies of the two 
8toups just previ discussed. 
We one ay plethora of contradictory hypotheses to account, 
Teinforcement-wise, for various Blodgett-design phenomena. The fact 
at there are so many and some subsets of them are contradictory 
shouldnt reflect on them, nor does it unsettle us: the point is that the 
lodgett design presupposes the availability of a valid estimate of the 
experimentals’ error drop. Our welter of hypotheses shows that making 
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volume. Our analysis into S-R-reinforcement terms uses the pre-1949 
variant of the theory in which these problems have most commonly been 
discussed before. 

It might be argued that this set of methodological considerations re- 
veals a defect in S-R-reinforcement theory: the several variables affect- 
ing the dependent variable are not experimentally separable. But this is 
the case only in this setting; each of them can be shown in other experi- 
mental settings, and, as such, may be supposed by the usual processes of 
induction to be operating, even though their lack of quantification does 
not permit prediction beyond direction of sub-effects, in this more com- 
plex case. 

2. The free-exploration type. In these studies, as in the Blodgett type, 
the manipulated variable is the incentive. Rats explore a maze freely, 
usually under conditions of increasing deprivation of food and water. The 
“test” condition involves feeding the now-hungry rats either following a 
run or directly in the goal-box. The criterion of latent learning is met 
if the exploration group make fewer than chance errors, or fewer errors 
than are made by a naive group on their first run. An experiment in which 
the first feeding occurs directly in the goal-box, not preceded by a run 
through the maze, does not give us any estimate of the effects of the free 
maze exploration alone. There is one such study [Buxton (5)]; this study 
was Positive. The effects of free maze exploration uncomplicated by any 
feeding in the maze can be tested in the second type by noting the error 
scores for the first run on which the rats are fed. Where the data are re- 
ported [Daub (18), Haney (33) ] it can be seen (although these authors 
do not point it out) that these rats, even before reinforcement is ever 
encountered, have developed dispositions to stay out of the culs during 
their free-exploration period. Four such studies are reported, all showing 

positive” results [Daub (7), Haney (33), Karn and Porter (42), Lash- 

ley (51)]. MacCorquodale and Mech] (58) have shown that within a 
15-minute period of free exploration of a multiple T-maze, rats will 
significantly reduce their tendencies to enter culs, and will He a subse- 
quent day exhibit striking tendencies to choose “correctly” on a test run. 
In this latter experiment no food-reward, and indeed no reward of any 
ii jebi to the home cage, had been associated with “getting 
Soa!-Dox.” Looking at the animals on their test run, it would be 

easy to project goal-seeking into their behavior, especially if a food- 


reward had been somehow paired with the goal-box 
The above data serve to su 


above, that a Hullian could u 
as the free maze exploration 


tart to end-box, some of the iderations 
ma » Some c consider : 
hat show the B Ppropriate in the role of experti- 
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pon crucis show the free exploration design to be similarly inappro- 
riate. : 

The next two types of latent learning study differ from the above in 
that the rats, during the latent phase, encounter an incentive for which 
they are operationally satiated. They may or may not be irrelevantly 
Motivated and reinforced, and presumably some rewards are operating 
even in the satiated case, e.g., removal from the restraint of the maze, 
return to the home cage, ete. On the “test” trial the rats are run, after 
a petiod of deprivation, for the previously encountered but unwanted 
Imeentive, 

3. Incentive present with no competing strong drive. Rats operation- 
ally satiated for food and water are given a series of runs in a T-maze 
(except that Szymanski used a multiple-unit T-maze) with the incen- 
tives present in opposite arms of the maze, or in one case, with both food 
and water present in the same arm [MacCorquodale and Meehl (57)]. 
Seven positive studies using this design have been performed [Meehl 
and MacCorquodale (64), MacCorquodale and Meehl (57), Spence and 
Lippitt (100), Spence, Bergmann and Lippitt (98), Seward, Levy and 

andlon (87), Szymanski (104) and Thistlethwaite (107)]. There are 
two negative studies [Kendler (45) and Maltzman (61) ]. It is interest- 
ing to note that in both of the studies in which it was tried [Spence and 
Lippitt (100), Mechl and MacCorquodale (64)] the rats were, after a 
Successful “test” under conditions of deprivation for one of the incentives, 
Unable to shift their responses when the deprivation conditions were 
shifted to the alternative incentive, and, at least in the Meehl and 

‘AeCorquodale study, the first, successful test response had not been 
Teinforced, 
aon design is considerably freer f 

er the Blodgett or free-exploration 
and the percentage is higher than 
deen tassing to the S-R-reinforeement theo 
“Scriptive “cognition” ositing the secon 
tional ei i cineca Bs = goal-objects during the latent phase. 
© the extent that the drive inducing operation prior to the test run also 
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eighteen such studies, seven are positive [Bendig (1), Christie (14), 
Diesenroth and Spence (22), Strange (102), Thistlethwaite (108), 
Walker (182), and Walker, Knotter and DeValois (183) ]; and eleven 
are negative [Christie (13), Fehrer (28), Gleitman (31), Grice (32), 
Kendler (46), Kendler and Mencher (49), Kendler and Kanner (48), 
Littman (54), Spence and Lippitt (101), Shaw and Waters (88) and 
Walker (180)]. The difficulties in accounting for the discrepancies be- 
tween these studies are enormous. If one draws up a master table com- 
paring the possibly relevant details between the positive and negative 
studies of this group, and with the generally positive studies of the previ- 
ous (non-competing drive) group, he finds he can make only the broadest 
generalizations, to each of which exceptions can be found. 

The only systematic difference between Types 3 and 4 seem to be the 
basis on which they were classified: whether the irrelevant incentive was 
encountered with or without a strong competing drive. In general, this 
design, in which the animal is tested for his cognitions of goal-objects 
encountered while he was strongly motivated for a different goal-object, 
takes too little account of other, explicitly stated, aspects of the cog- 
nition view to be a wholly adequate, or even fair, test of it. The “em- 
phasis” value of an incentive is small when the organism is satiated for 
that incentive; it is less, or even frustrating, when he is motivated for 
another incentive, which he has encountered in this situation before. A 
further, and related, difference between these is that when the organism 
is motivated for one incentive during training he must be forced to the 
side of the T-maze containing the irrelevant incentive (except in those 
cases where the relevant incentive is placed in both arms of the maze) ; 


forcing is suggested as conducing to negative emotional conditioning to 
the side of the test incentive. 


We have been unable to detect any clear- 
tween the positive and negative studies with: 
with strong competing drive. Although the qd: 
period has usually been thirst, these are a 
the positive and negative, and of two stud 
was hunger, one is positive, one negative. 

There is some evidence to su 
more likely if the relevant in 
metrically located in the maze 


cut differences in method be- 
in Type 4, incentive learning 
rive present during the latent 
bout equally divided between 
ies in which the training drive 


egest that irrelevant incentive learning is 
centive during the latent period is sym- 
, Le., rats motivated for water find water 


an studies in which forcing characterizes 


half or more of all trials [see Walker, Knotter and DeValois (183) for 
direct evidence on this variable]. 
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` The attempt to favor discriminability of the two arms of the T-maze 
by painting them black vs. white, by using a marked illumination dif- 
ference in the two sides, or by using different coarseness of screening 
on the floors of the two sides, seems to be ineffective if not somewhat 
contrary to the aim; this is apparently due to the fact that such dis- 
criminative cues conduce to position habits. Most studies in which black 
vs. white alleys are used show a strong avoidance response to the white 
alley. Walker, Knotter and DeValois (183) have shown that rats who 
have developed strong position habits during the latent learning period 
are less likely to respond appropriately on the test trial, after motivation 
4s shifted. 

Training in drive discrimination, or at least experience in deprivation 
of the test incentive to match that for the training incentive, might favor 
irrelevant incentive learning (13). It would be profitable also to investi- 
gate the effect of providing additional alleys on the test trial, to discover 
whether those rats which shift performance on the test trial are avoiding 
the previously preferred alley (in which event they would choose equally 
among alternatives) or are indeed responding on the basis of earlier en- 
counters with the incentive for which they are now motivated (in which 
Case the alternative, “neutral” alleys should also be avoided). i À 

The last latent learning design, Type 5, involves a first phase in which 
animals are run in or permitted to explore T-mazes whose goal-boxes 
are tactually or visually discriminable, usually hungry but without in- 
centives present. The rats are subsequently fed directly in one goal-box, 
1e., they are placed directly in the goal-box, or run through a straightway 
to it. The test of the learning of maze characteristics 1S made by reintro- 
ducing the rat to the entry box of the maze and observing his tendency 
to choose the side which leads to the goal-box in which he was fed. 

olman and Gleitman, after a training phase in which the rats were fed in 
both goal-boxes, shocked them in one end-box (withholding the usual 
food) and fed tkam (as usual) in the other—these experiences not follow- 


he shock side of the maze. Four positive studies of this design have been 
Teported [Tolman and Gleitman (159), Iwahara and Marx (41), Gilchrist 
(30), Seward (85) ]; three are negative [Leeper (52), Denny and Davis 
21), Seward, Datel and Levy (86—two of three replications, the third 


Was positive) ] 
i ; i i tituting, when the 
his desi ears to be most like Type 3 in cons $ t 
Tesults are T Ea n embarrassment to the S-R-reinforeement theorist. 
a tre en more strained in use; the 7a’s 


ere to be ev j 
ae ee ee gr e unrelated to the goal object and 


acquired during the latent phase ar | j 
minimally ica doe The “reinforcement” in the goal-box not aa 
a run might strengthen the rg’s peculiar to that goal-box and thus the 
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turn leading to it on the next run. But here, again, the lack of independent 
verification of the rg event and its non-quantitative status reduce its 
utility. 

We have four general comments to make upon this extensive and rather 
puzzling experimental literature. First, and of greatest importance, is the 
necessity for sufficient replication using each of the five designs to 
justify confidence that a describable design does consistently yield a cer- 
tain (positive or negative) result. There is no satisfactory classification 
of experimental setups, even using multiple criteria, which permits a clear 
sorting into “positive” and “negative” outcomes, although Thistle- 
thwaite’s review (106) is a valuable contribution in that direction. One 
can only conclude that there is something wrong with our controls or with 
our standards for what constitutes an adequate description of them. It 
cannot be too strongly emphasized that there is little point in disputing 
about the causal interpretation of an experimental effect when we have 
not yet apparently described the conditions sufficient for obtaining it. 

Secondly, even if finer sub-classes of designs can be finally made 
replicable, one must beware of assuming that because they are all called 
“latent learning,” they must be explainable in the same, or even a similar, 
way. It is perfectly possible, for example, that the Blodgett effect is based 
upon satiation of exploratory drive in the experimentals, and is further 
enhanced by the drive-conditioning mechanism we hypothesized above; 
and yet that the positive findings which preponderate in Types 3 and 5 
will ultimately find their explanation in cognition-theory terms. 

_ Thirdly, cognition theory must be developed beyond the point where 
its proponents’ main use of latent learning studies is in the form of criti- 
cizing “the opposition.” The demand “How do you explain that one?” is, 


Pose a serious explanatory problem 
ve results do for the S-R-reinforce- 
ot entitled to take the position that 
eir case, in spite of the negatives. 
stently that “. . . it must be possible 
latent learning or of irrelevant-incen- 
of reinforcement was operative in the 
120). The word demonstrate in this 
eveloped science, when we attempt to 
» We recognize that there may be great diffi- 

of the determining variables. Actually, 
pose (i.e., do not attempt to prove, in- 
f causal laws, including those relating 


presup 
dependently) a whole network o 
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hypothetical constructs, that have been confirmed in other research. Even 
the use of complex measuring apparatus would be impossible if this sort 
of inductive extrapolation were forbidden. So, we can accept Thistle- 
thwaite’s desideratum only if a rather weak meaning is given to his word 
“demonstrate,” somewhat like “render probable on the basis that factors 
present in the design have been shown in other designs to act as re- 
inforcers.” If this weakened demand cannot be met, grave doubt is surely 
cast upon S-R-reinforcement theory. Whether such doubt gives strong 
Support to cognition theory depends upon the difficulties of the latter, and 
upon the plausibility of still other causal models (e.g., S-R-theories not 
Stressing reinforcement). Intermediate types, such as Seward’s (84, 85) 
and the theory we shall present below, must also be considered. One can 
imagine an accumulation of experimental evidence on latent learning 
alone which would render both S-R-reinforcement theory and cognition 
theory thoroughly untenable, neither being capable of generating correct 
Predictions as to the pattern of positive and negative results. , 
Finally, definitive interpretation of the experiments is rendered difficult 
by a terrible lack of data regarding certain quantitative matters, both 
în theory and at the descriptive level. It is customary for Tolman’s critics 
to attack his formulations on these grounds, but it is not sufficiently ap- 
Preciated how vulnerable we all are in this respect. For example, S-R- 
reinforcement reconstructions of “positive” latent learning designs char- 
acteristically invoke re, and require suitable quantitative assumptions 
about such matters as the “similarity” of the afferent consequences pro- 
duced by fractional eating and fractional drinking. It would be an inter- 
esting exercise to bring together all of the applications of this device with 
an eye to the question, whether the quantitative assumptions required by 
~R-reinforcement theory to “deduce” experimental outcomes in the vari- 
Ous settings are compatible. It is refreshing to reflect oe a 
certing consequences of a direct experimental attack upon the hunger- 


thirst “stimuli,” such as Heron’s (36), for such theorizing. We have never 
Sten an emipiričal curve for the generalization gradient he ar = 
Stimulus act” in the rat, nor even any rigorous theoretica. trea ne a 
it. It hardly seems quite proper for S-R-reinforcement = to a = 
olman on this front, when they themselves have frequent recourse to 
Such an elastic expla ry construct as Te- oo 

n ig ane difficulties of eee it seems ar 

Say that the current state of the evidence 1S at leas ca ri 
heorist oriented to some form of expectancy theory. We were, fra y, 
ll trend of the evidence than we 


Somewhat more impressed by the overa 
ad expected to be. This reaction led us to attempt a somewhat greater 


gree of formalization of the expectancy position, which we present in 


e following section. 


Ta 
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IV. SOME TENTATIVE PROPOSALS AS TO 
FORMALIZATION 


The commonest criticism of Tolman is that he has failed to make his 
theory’ “explicit” and “rigorous,” the critical emphasis often being on 
“quantification.” The matter of explicitness and rigor has been treated in 
Part II, and this criticism seems, in the main, to be valid. As for quan- 
tification, the most casual reading convinces one that Tolman either is 


not strongly interested in it or feels it to be premature. In a recent article 
he says: 


Curves could be fitted. Equations for these curves could be mathematically 
determined and the magnitudes of the constants could be found. In fact, all the 
precise techniques of quantitative method could be elegantly carried out . . . and 
bring about closure for all those psychologists who are probably at heart mere 
physicists or perhaps mathematicians gone wrong (151, p. 147). 


And in the same paper we find the following: 


And although, as usual, I have been merely programmatic and have not 
attempted to set up, at this date, any precise systems of postulates and de- 
duced theorems, I have made some specific suggestions. .. . I feel that once 
we have thought of really good defining experiments . . . we can then hypothe- 


size equations, fit empirical curves, and dream up constructs to our hearts’ 
content (151, p. 154). 


If we ignore the touch of sarcasm, and the suggestion that physicists 
are somehow more entitled to an interest in quantifying than are psy- 
chologists, what can we see in these quotations? The description of him- 
self as“... as usual. . . merely programmatic” suggests that Tolman 
uantified science. Indeed, it would be difficult 


Mie atten i zho for many years has presented us with “func- 
tions” of “variables,” albeit in the most general form possible as ff.” 
ete. 


monotonically increasing” if it holds throughout) - 
ghou 
Frequently, but by no means always, we are given (3) statements of signs 


o higher derivatives, epy “monotonically increasing decelerated func- 
tion.” Without specifying numerical values, we may be told (4) the order 
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of sizes of the various first partial derivatives. Thus, “s, affects y more 
than zə does.” It is often difficult, in the case of dimensions differing 
qualitatively, to say just what this latter kind of statement means even 
when nothing but order is claimed. Still further, we may have (5) various 
degrees of specification of the function form, as “a decay function,” “a 
second-degree polynomial,” and so on. Finally, we come to (6) estimates 
of the parameters in these functions. 

No one can prophesy whether making an effort to attain one of these 
levels of quantification will be fruitful at any given stage of knowledge. 
Certain of Hull’s later efforts, both experimental and postulational, seem 
to indicate that he believed work at level (6) to be in order, and quite 
obviously he had been for some years thinking at level (5). It is im- 
Portant to see that there are intermediate degrees of quantification, so 
that a theorist may be very cautious about levels (5) and especially 
(6), but still may attempt more than Tolman has to date. One does not 
need to be “anti-quantitative” to raise the question whether the pains- 
taking determination of parameters arising from the study of a particu- 
lar Species, drive, response and apparatus is not somewhat premature. 
On the other hand, there is a degree of quantification which is necessary 
for any important sort of “explicitness.” That is, one may set his sights 
lower than levels (5) or (6), but he can hardly attempt a usable (predic- 
tion-generating) set of postulates if he stops, say, at level (1) or (2). 

nfortunately, Tolman seems to have done just this. It is questionable 
whether we can even proceed with the search for the “really good defining 
experiments” of which he speaks in the second quotation, until some 
efforts have been made at quantification levels beyond (2). 

There is no important “system” at present which does not use hypo- 
thetical constructs or incompletely reduced intervening variables, such as 
Some form of the learning-performance distinction. When Tolman speaks 
of “defining experiments” for each of his “types of learning,” we have to 
Temember that such defining experiments will in each case involve an in- 
rence from facts about response strength to values of the hypothetical 
entity or process, Thus, we cannot study the acquisition of an equivalence 
belief without having some notions about asymptotes of the cathexes 
being utilized in such an experiment. Again, we will be utilizing some 
instrumental act, so our discussion will be bound up with assumptions 
about the ainai field-expectancies. If we were to interest ourselves, 
Say, in such a curve-fitting question as: “In what way does the rate of 
acquisition of an equivalence-belief depend upon the cathexis of the 

nal goal?” we would need to have some quantification of final goal- 


object cathexes for the abscissa, and it is evident that cathexis is not a 
Word in t see, We know the kind of experiment Tolman uses 
i z Ta haan i rs in Chapters III and IV of Pur- 


such experiments, while they 
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i i inal 
are the obviously appropriate beginning, can only sc a si 
i ich is insufficient for purposes of a de j 
series of cathexes, which is insuffici l et ae Nalgene he 

equivalence-beliefs unless it is to dea wi z 
ke is me in the system of assumptions there must a 
minimal degree of hypothesized quantification in order to get a foo 1 ce 
door prior to an empirical determination via a defining experimen’ 
of the theoretical quantities, sacs o 
pis is, of course, only one of the several forms in which -a 
fundamental dilemma recurs in all theory construction. We ae cons A i 
in the position of leaning upon some poorly confirmed “laws” as i hed 
by experimentation to tease out others. So long as we are aware rs a 
and see clearly the mutual support aspect of the components of a theory, 


veloping his views in this respect. We i 
hat follows could most appropriately ri 
“Prolegomena to an introduction 3 
complete postulate set generating 

rder to avoid repetitive apologizing, 
terms “axiomatization” and ee 
to designate our procedure, But we hope we are under no illusions as y 
e designations. There are, in particular, ba 
ntentions which we wish the reader to guar 


modified expectancy theory.” In o 


1. We do not Propose the followi 
for the derivation of all or even mo 


ort to investi 
sistency. The reader should look u 
so than Tolman as he stands, 

2. They attempt to explicate not so much “Tolman” as “an expectancy 
theory.” While we have tried to be oriente 


ntradicted him, it w 


” 
ng as a sufficient set of eee 
st empirical behavior-laws, Nor bave 
gate them as to independence or pet 
pon them as “programmatic,” but les 


as we proceed, we could express 
of theory as follows: An eg 
ry in which the fundamental leam 
is notationally specified by expl á 
which has commonly terminated m 
organism’s history (the “expecta 


TA 


EDWARD C. TOLMAN 217 


dum”), in addition to making the usual reference to the eliciting stimulus 
and the (strengthened) response. A correlated feature, without which this 
notational practice would be sterile, is that the activation postulate which 
relates this learning construct to a behavior-disposition makes explicit 
reference to this third element; whereas in non-expectancy theories the 

usual terminator” (e.g., reinforcer) of an S-R sequence plays only a his- 
torical role, in the sense that it occurs as an experimental factor in the 
Acquisition postulates but is not “part of” the learning construct itself 
nor, therefore, available for use in the activation postulate. 

It is our belief that a phrase such as “field-cognition” or “field-expect- 
ancy” is confusing, since it links together two words the emphases of 
Which, while perhaps not wholly independent, are at least distinguishable 

cf. Spence, 96). The term “field” makes a reference to the Gestalt and 
Perceptual emphases in Tolman, while (in our opinion) the term “ex- 
Pectaney” indicates a quite different aspect of the system. It is the latter, 

eXpectancy” aspect which we have taken as definitive of the system, 
Since we are not persuaded that there is any very intimate connection be- 
tween acceptance of the Gestalt laws of stimulus organization and accept- 
ance of either an S-R-contiguity, an S-R-reinforcement, or a (so- 
called) S-S theory of acquisition. The problems of stimulus equivalence, 
and of the physical statement of configural properties on the stimulus side 
Which will yield stimulus-equivalence or various degrees of generaliza- 
tion, will recur in any form of behavior psychology; and it is a historical 
accident that the leading expectancy theorist has Gestalt-emphasizing 
anings, Thus, Skinner, clearly an S-R-reinforcement non-expectancy 

Acorist, would find it unnatural to connect configural emphasis in any 


essential way with the matter of acquisition laws. If experimentation 
shows, e.g., physical triangularity of the visual stimulus to bea basis for 
Strong generalization effects, so be it. The specification of relations among 


© apices of such a “physical triangle” which yield such-and-such de- 
Brees of generalization can be achieved if desired (62). ; 

One speaks in terms of the raw data that give rise toa science of 
Psychology, all behavior-data theories are “§-R” theories, in the broad 
Sense, The empirical variables are movements of the organism and en- 
Vironmental events which occur in certain temporal relations to them. 
lat his system is an out-and-out behaviorism is one of the things on 
Which Tolman has been most explicit. There is, to be sure, a more re- 
Stricted and less innocuous sense of the phrase “S-E theory” which does 
not apnly to Tolman, as we shall develop below. But the point here is 
that, at the data-language level, Tolman is the same as Guthrie, Skinner, 


Sr Hull a 3 
aa aR hie intenda to He, by us make the learning-perform- 


ince all of the theories considered 1e learning 
e distinction in some form, the mere making of this distinction cannot 
: he others. Once the organism has 


ane 
*rentiate an expectancy theory from t 


iff, 
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acquired whatever sort of bond or knowledge the theories see | 
specify, all of them allow for a manipulation of overt behavior S Sa 
by means of control of drive, fatigue, emotion, or competing ae 
This means that having learned, and not having yet unlearned, Si coe 
may still fail to exhibit the behavior. Guthrie, Hull, and Skinner pn a 
their various places for this fact. If it was ever an adequate end ope 
the Tolman position’s uniqueness to say that “The organism learns ding 
tain things but may exhibit this learning in different ways epa a 
upon ... ,” it is no longer. The distinguishing feature of an expecta 


. . . . rt 
approach is not as simple as this, nor is it easy to state in any sho 
characterization. 


V. EXCURSUS: THE RESPONSE CONCEPT 
Since Tolman’s system is a 


behaviorism, its dependent variable neces- 
sarily reduces to some as 


pects of the organism’s activity. Therefore, pm 
problem of “defining the unit of response” exists for Tolman as it does af 
all behavior theorists. From Purposive Behavior through the series a 
experiments on “spatial learning” (78, 79, 80, 81, 160, 173, 174, 175, 17 A 
to his recent theoretical papers (150, 151), Tolman has obviously telt tha 
the definition of the unit, the specification of “what is learned, = 
one of the major differentiators of his position. In an earlier paper, W 
stated our own opinion as follows: 


3 s 
alize them indicated their independent rei on 
ose dogmatically as “properties not definitive o 
expectancy theory”: 


ab Gestalt-configural stress. 
2. Perceptual field stress, 
3. Pure contiguity as a sufficient condition. 


Say x see rae o- 
4. Specification of reaction-class by reference to position, direction, or loc 
motion (rather than by effector-properties), 


5. Discontinuity view of discrimination learning. 
6. Insistence upon the learning-performance distinction (66, p. 230). 


In a personal communicati 


i t 
on, Professor Tolman states his agreemen 
with us that four of these e 


a e 
mphases are not crucial to his position, but = 
feels that two of them, the “Gestalt-configural stress” and the “specific 


tion of the Teaction-class” are basic points on which he differs from S-E 
theorists. Consequently, 


we feel it necessary to digress for a somewh@ 
more extended treatment 


; ith 
of the response question before proceeding wit 
our own formalization Proposals. 


To begin with, in denying th 


oe a 
e cruciality of the response-definition 88 
mark of expectancy theory, w 


is nO 
€ do not mean to suggest that there is P 
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problem here, or that Tolman tries to solve it no differently from others. 
But we do think it incorrect for a Tolmanite to assume that S-R theory 
necessarily means an R-term specified by muscle-twitches, and that 
experiments indicating the utility of a more “molar” R-term are, prima 
facie, embarrassing to non-expectancy theories. The distinction is not that 
simple, witness the fact that one major S-R-reinforcement theorist 
(Skinner, 90) wrote a whole book in which the reports of raw data 
tell us, strictly speaking, nothing about the actual activity of effectors. 
A glance at the experimental reports of Hullian and neo-Hullian workers 
shows the same thing. Levers are pressed and maze “choices” are made, 
and the observations are narrated in these terms, for the contemporary 
S-R theorist operates with a “molar” (in the sense of levels: 55) defini- 
tion of response and in practice worries very little about this aspect of 
his methodology. It is interesting to note that Hull (38, 40) devotes no 
discussion to the question of what are “admissible” modes of specifying 
R. The Glossary of his posthumous book defines response thus: “R = 
Tesponse; an act of some kind” (40, p. 358). However, it seems unlikely 
that all formulable R-terms would be equally acceptable to Hullians 
(e.g., the “act of some kind” being strengthened is “getting to the goal- 
box”). One meets clinical psychologists who are suspicious i of the 
learning-theory approach to psychotherapy because they perceive S-R 
formulations as “atomistic,” as attempting to analyze personality into 
“discrete responses” rather than treating the “whole person.” These 
obscurantist attitudes spring at least in part from the inadequate atten- 
tion usually given to the methodological questions devolving about the 


Tesponse concept. 
Any effort to clarify the response 


recognition that, for all learning theoris im : 
Sponse” is a class. This follows directly from a definition and a fact. 


Learning is defined as a change in an organism which is reflected by a 
change in the strength of some specified way of acting; and it is a fact 

hat no two (numerically distinct) intervals in the flux of an e s 
activity are absolutely identical in all of their properties. Hence, any 


i i i z be 
experi. E z t learning’s having taken place must 
Sains mhn: falin aioi as “instances” of this way of acting, 


classif z es 
; ying two or more occurrent isuanee y p 
m spite a their detectable differences. This is simple and obvious, but it 
18 one of those simple things which is easily eae and a ee 
When remembered. As an example of the reso. ving power ot this class- 
concept, consider the objections one sometimes hears that a bit pen 
analysis “abstracts from the total activity,” and hence somehow distorts 
m describing. The obvious reply is that all description which names an 
activity and identifies its recurrence is pee! ee pe aes a 
Stances” of kind of behavior, classified at any level ot mo ; 

navoidably abetactions in the sense that they select certain features of 


problem must begin by explicit 
ts and all experimenters, the “Te- 
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the flux for attention and ignore others. So when a critic voices this sort of 
objection to a given formulation, he must be made to sce that all con- 
ceivable formulations would be subject to the same complaint, and that 
a claim to be telling nothing but the truth about an event is never a claim 
to be telling the whole truth about that event. The individual, dated 
behavior-event is “unique”; the very concept of learning presupposes that 
we are willing to group these dated events under one class-name by 
virtue of certain common properties and neglect those other properties or 
quantitative variations with respect to which the class-members differ 
among themselves. 

This leads directly to another important point in connection with the 
question of “what is learned.” It is evident that a given interval of the 
flux can be classified in more than one way, and that conjunctions and 
disjunctions of classes can be set up for study. This shows that, at the 
purely descriptive level, there may be alternative and seemingly quite 
different ways of narrating the flux, all equally “valid.” Some implica- 
tions of this for the learning controversy will be developed in the course 
of our discussion. Tolman emphasized in Purposive Behavior in Animals 
and Men that his concentration on the lawful features of goal-seeking 
behavior “at its own level” was perfectly compatible with the usual 
causes of these behaviors lie in the physi- 
that there are no intermediate levels of 
remes, which would exhibit a lawfulness of 
à ways some one “optimal” degree of specifi- 
cation of the response properties which will generate maximum orderli- 
» P. 38) is a complex problem which 
s an obvious mathematical possibility 
responding when the behavior is classi- 
curve being a resultant of the several 
by counting responses further sub- 
These latter curves, perhaps equally 


100 ndividually share its form or instea 
n other orderly (eg., cyclical) properties, The idea of smoothness oF 
es a ts Ten by Skinner in this connection seems to require some 
n i i i 
pea elore it can be rigorously applied to the problem of defining 


g ” level. 
smooth” as the original, might i 


s tl ords referring to the 
the descriptive words of the physical thing- 
s which we define explicitly in terms of these- 


animal’s visible anatomy, 


language, and special word, 
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Observation-sentences are formulated in these words, and must not in- 
volve even implicit reference to any other intervals of the flux. There 
does not seem to be any cogent objection to the inclusion of words refer- 
Ting to contact with environmental objects (“The rat put his paws on the 
lever”), or to orientation (‘The rat turned his head toward the light”), 
or to locomotion (“The rat approached the tray”), so long as these en- 
Vironmental objects and the organism’s relation to them are describable 
by explicitly defined words or phrases referring solely to the interval 
under consideration. If a rat is oriented so that his nose is pointing to a 
lighted circular disk, “locomotion forward in a straight line” is a legiti- 
mate descriptive property of the ensuing ten seconds of the flux, and such 
& specification of R would presumably be just as available to Spence as 
to Ritchie. 

It is perhaps noteworthy that more “complex” flux-properties are in- 
troducible without going beyond pure description. For example, the “if 
<- . then” (which is the “not . . . unless”) relation in the sense of mate- 
rial implication (105, pp. 23-28) is definable in terms of the (intuitively 
Simpler) logical constants “not” and “or” or “not” and “and.” Hence, 
Complex properties such as “Lifting the paw, whenever he has in the pre- 
ceding five seconds wiggled the whiskers, provided that . . .” etc., are 
clearly still descriptive. Sequence specifications, with or without a metric 


time-property, are also admissible. 


; a 
On the other hand, non-extensional connectives such as “in order 


at. . .” or “necessitates that . . .” are clearly forbidden as going be- 
Yond the descriptive properties of the interval. If they occur, they must 
Occur as theoretical discourse, not as pure description. 

Tn Practice, we do not begin by slicing up the flux into a huge (theo- 


retically infini intervals and then by examining each one for 
y finte) aat Be mier re certain “striking” features 


€ presence of the desired property. There a c 
of the flux higi in addition #0 our theories and our anthropomorphic 
identifications help us direct our attention to some intervals and, for that 
Matter, to novia properties. That theory and anthropomorphism are 


among the causal sources of our experimental attention is of course quite 
irrelevant to the question as to whether what we emerge with in our 


Narration is it iptive. 
self purely descripu f ; 
Some of the oh obvious features of the flux which make our trial- 
nvergent on the relevant proper- 


and ee idly co 
jes a meee BS rapidly “toned. Suppose a non-anthropo- 


Istane i . How wou . à 
Of the rka ee Ge pet out of tentative R-classes which would 
5 
i theoretically and predictively useless? 
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1. Inception and termination of contact with an environmental object. 
The rat touches the lever and his pressing of it is usually followed by 
a breaking of this contact. 

2. “Phasic” property: Most extreme excursions of any effector-position 
measure are followed shortly by an undoing. Rarely does rat or hu- 
man lift the head high or greatly reduce the angle at a joint without 
shortly reversing the change. The blindly plotted time-lines would 
thus exhibit a tendency for cycles and overshootings in returning 
from an extreme excursion, 

3. Segmental: An obvious possibility is to examine all intervals in 

which the flux shows changes of a considerable magnitude in the 
Measures on a given limb or other anatomical region. 
. Multimodal distribution: Distribution of excursions may be multi- 
modal. Thus, the distance of a rat’s nose from the ceiling can take 
on all intermediate values within a certain range. But the plot of 
this distance for numerous intervals would show a small mode neat 
the upper extreme—these being chiefly occurrences of the explora- 
tory reaction “standing up, sniffing ceiling.” 

Intrabehavioral covariation: Families of the arbitrary time-lines 

would show concurrent variations of activity; e.g., “speech” involves 

a burst of excursions and cycles of reference points and lines oD 

lips, jaws, tongue, diaphragm, glottis. Such a highly configurated 

pattern as a “shrug” might be isolated and recognizable after only 
one occurrence of it, 

; “Achievement” : This very common, if not commonest, criterion 

Talses such difficult problems that it will be separately treated below. 


A 


a 


D 


I in the flux which is identified by its posses- 
X property P, what is “the reaction” (= R)? 


It does not consist of the whole interval, because we want to be able to 
speak at times of severa] “ 


: “instances.” Any parts of the reaction are in thé 
relation of part-to-whole to it, and link-in-chain to one another; but not 


in the relation of class-membership to it. The R-class has instances, ¢8¢ 
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of which is a reaction. Elsewhere herein we shall use the term “response” 
as a synonym for “R-class,” the family of reactions identifiable by their 
common possession of some property P. 

. We have now to consider the common procedure of defining an R-class 
m terms of achievement. This practice ranges from the usually non- 
Controversial case in which the achievement is a simple, concrete manipu- 
landum-event (“Rat pressed the lever”) to very complex and debatable 
mstances sucli as occur in describing human social behavior. (“He kept at 
it until he had put Smith in his place!”) It is in this type of R-class speci- 
fication that the line between pure description and covert theorizing 
becomes difficult to draw. It is here also that the lines of battle are likely 
to be drawn between Tolmanites and others insofar as the response be- 
Comes an issue between them. 

First of all, one must distinguish between what the experimenter both- 
ers to narrate (or is ingenious enough to discern) and what he can be 
Confident is objectively the case. In point of fact, any R-class specified 

Y achievement is a truth-function of a finite set of R-classes specified by 
Ron-achievement flux-descriptions. There is more than one way to get a 
lever down, but there is not an infinite number of ways. (A “way” here is 
à sub-class defined by fairly restricted effector topography, but necessar- 
lly allowing for certain quantitative variations over its own instances.) 

hether we as experimenters have the skill or make the effort to state 
what they are, there is some finite disjunction of effector-event-classes 
Matched to any manipulation- (or locomotion-) attainment class. Pre- 
Sumably, this is why workers of varying theoretical persuasions seem 
equally comfortable with describing the two most commonly studied 


Ypes of rat-behavior in achievement language. The data emerging from 
for the maze, the word 


Kinner-box wor ‘ously of that sort. As 
T Oaa event word. But the use 


(13 
turn” may perhaps be construed as an effector- j 
ons or electrical recording or opal-flash 


“turn” is, like “press,” 


nse of achi -W in description 

tive ap enc gel ation need not (in fact cannot) commit 
m immediately to any particular theory about the learning process. To 
le extent that docility with respect to a goal or sub-goal is really imma- 

nent in behavior really part of behavior’s “immediate descriptive warp 

and woof” (128 rs 12), all theoretical issues remain to be settled after 

Such behavioral "dexoriptions have been given. It is important to see that 


the lawfulness exhibited by attainment-specified R-classes does not im- 
Ply, or even suggest, that the coordinated flux-disjuncts are not ee 
or does a finding that attainments show lawful changes tend is 
at attainments, rather than the coordinated flux-disjuncts, are what 1s 
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really being learned.” From the fact that a rat presses the lever now with 
left paw, now with right, sometimes with teeth, we cannot infer anything 
about “what is learned,” but must undertake further behavioral analysis 
to tease out the conditions for occurrence of each of these topographies. 
After all, if a rat “learns to press with chin” and “learns to press with 
paw,” it is a logically trivial consequence of these statements that he 
“Jearns to press.” 

An achievement-learning may be interpreted as more than purely de- 
scriptive, of course. This ambiguity is impossible if the achievement- 
statement is applied to a single interval, since “At 12:07 the rat depressed 
the lever to the point that an electrical contact was made” is pure descrip- 
tion. It is not in terms of effectors, and it is very incomplete (“ab- 
stracted”) as a characterization of the interval. But it is pure description 
nonetheless. However, if I say “Over the hour the rat learned to press the 
lever,” it is not clear how much I intend, I may still intend pure deserip- 
tion, which expands to something like “Over the hour there was a sig- 
nificant increase in the rate of occurrence of effector-events which had 
the mechanical effect of depressing the lever.” This amounts to “Over the 
hour there was a significant increase in the rate of occurrence of [foot 0" 
teeth or jaw] contacts which. . . .” This is all quite innocent of theory, 
and the variations are matters of dividing the classes into finer classes, 
depending upon one’s desire for detail in narration, 

The interesting question is, what else can the original assertion be 
taken to mean, which would not be purely descriptive? The alternatives 
are not so easy to list, but they vary from a slight inductive extrapola- 
tion, such as “If the rate of R,-disjunct declines, some other one Re 
of the whole family of effector-event-classes coordinated to the attain- 
ment-class Rz will increase in strength enough to maintain the Rz level 
(ce 91, pp. 211-212)” to a layman’s anthropomorphism that the rat 

knows the idea is to get the lever down and would tell us as much if he 
could talk.” Even the simple inductive extrapolation about a compensa- 
tory mareded Tn one effector-event-class is often used as a counterfactual 
ee li we had prevented Rj, then R; would have been employ® 
5 a rs Job. This asserts a lawful relation not immediately establishe 
ys lux and Js not a truth-function of the observation-sentences. _ 
Geils E bina Ce of the achievement type of description: it 2 
-interpreted. However, ambiguous achieveme? 


statements can always be expli : 
i g the: 
Pir eae plicated upon demand, in order to see whe 


aiee ah ntend more than description. Why, then, are there any 
eu sual sae this? Leaving aside some real disagreements as to th? 
e pre ti a factual outcomes, there may be differing induc 
k ns on the near-descripti ee tica 
interpretations based upon these escriptive level, and differing theore 


In a recent methodological paper (47), Kendler rejects the questio” 
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“what is learned” as being an unsuitable question for the learning theo- 
rist. We would prefer to take as a provisional hypothesis that arguments 
over “what is learned” are about something, and try to tease out what 
this something is. We would see “what is learned” as what Carnap calls 
an explicandum (8, pp. 513, 517-521, 531-532), the task being the formu- 
lation of some more precise explicata as alternatives. There is no cut-and- 
dried way to do this; but for any proffered explication of the initially 
Vague question we try to see how the experiments usually cited in contro- 
versy and how the words used in associated discussion would fit. In the 
end we will have formulated somewhat more exact questions even if they 
are rejected as not being “adequate” explications by the original protago- 
nists, 


Proceeding thus, we may ask, “What sorts of causal analysis of an 


achievement-statement would be rejected by those theorists who like to 
stress that the rat ‘Learns to press the lever?” Consider the classical 
experiments of Muenzinger (72, 73) on the lever-pressing behavior of the 
guinea pig, which Tolman cites (128, p. 171; cf. also p. 18) as evidence 
for behavior’s “multiple trackness”: the use of alternative paths to attain 
a given end (achievement). Muenzinger studied the variations in the 
effector-pattern of a simple lever-pressing response through 1000 re- 
Inforced occurrences, long after there was no further possibility of 
‘improvement” insofar as latency, speed, or elimination of competing 
Tesponses were concerned. He classified the pressings into nine topog- 
Taphies—three emphasizing left foot, three right, and one each with both 
feet, teeth, and “head” (lower jaw)- Working thus at the asymptote of 

e achievement-class, he found what Tolman views as substitutability 
of means—a rise and decline of strength among the competing effector- 
Classes, this competition persisting throughout the course of the experi- 
ment. Muenzinger himself believed that the habit should have become 
, Mechanized” in the sense that one specific effector-pattern should stead- 
NY increase until all others are excluded, according to the law of effect; 
and he argued for an interpretation in terms of the “meanings assumed 
Y environmental objects. But how much does such an experiment actu- 
ally show? Examination of Muenzinger’s tables shows that the sub- 
Classes themselves are by no means chaotic in their temporal changes, but 
exhibit a certain lawfulness. What is to “eo i S-R E ioa 
Sayi 7 l of the topographies were a 
ann, ihok; after bundredi pi si fell momentarily behind there 


airly high strength, so that whenever one ; 
Was always a eie one available to “replace” it? (Cf. 25, 91.) The 


Point is that all nine effector-disjuncts did get the lever down, hence were 
all repeatedly reinforced. At the time Muenzinger wrote, the laws of fre- 
Weney and effect were stated more crudely than they are in any ae 

~R-reinforeement theory, £0 Muenzinger may have been gat right in 
SUpposing that his experiment was adverse to them. But does a more 
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sophisticated and elaborate effect-and-frequency theory have any obvi- 
ous trouble here? Suppose we view the “lever-pressing” as the environ- 
mental outcome mechanically coordinated to a set of nine effector-event- 
classes. Members of any of these nine “succeed,” i.e., are reinforced. If 
Rı and Rez designate two of these classes, does S-R-reinforcement theory 
imply that the “initially stronger” must come to dominate to the exclusion 
of the others? Consider just a few of the possible complications which 
interfere with any such easy inference: 


1. 


2. 


. Spontaneous Tecove 


Rı may be stronger than Rs initially but may have a lower asymp- 
tote. 

Rı and Rz may have different growth rates. Nor is there any assur- 
ance that higher growth rates will be associated with higher asymp- 
totes, and of course “accidents of history” might reverse the order 
of either or both of the above in relation to initial strength. 


- The evidence (92) indicates that some R-classes are “harder,” i.e- 


mechanically difficult, requiring more work, or are even painful, so 
that their strength may decline faster either with or without rein- 


forcement. So R, might have an initial edge in strength but fatigue 
sooner than Rə. 


Hence, a given reinforcement- 
100 per cent mechanically effec- 
tive may maintain it at a stable rate which is lower than that of 
an Rə about equal in effectiveness, 

prevention of an R, results in 4 
e momentary rate when the con- 
cess of the previous rate (24) (27) 
it may be that a similar effect occurs 
Tumental responses Ra prevents emis- 
merous factors capable of transitorily 
ay lead to a burst of Ry. 


by irregularities, which Skinner consid- 
ers chiefly “emotional” in character, 


er may catch up again. à 
Ty occurs and the parameters are not the sam 
for all R’s, 


E A $ not known whether induction between responses is quantita 
i 


vely symmetrical, Possibly the increment in strength given to Be 
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due to a reinforcement of Rə is not the same as that in the other 
direction. 

10. In the earlier stages of learning, the increment in strength given by 
a reinforcement to an R of the less probable class will exceed that 
given to an R of the more probable class (other things being equal) 
due to the negative acceleration of the acquisition function, the 
ordinal number of a given reinforcement being higher for the ini- 


tially more probable R. 


The interaction of all these factors, with suitable values of the numer- 
ous parameters involved, could lead to a very long series of cyclical fluc- 
tuations in response dominance of the sort Muenzinger describes. What 
looks in achievement-terms as one homogeneous mass of interchangeable 
“means-to-ends” may in fact be the resultant of a very complex series of 
changes composed of fatigue, rest, extinction, spontaneous recovery, re- 
Conditioning, emotional upset, stimulus discrimination, decline in drive, 
induction (43), response differentiation, and the like. But after a long 
reinforcement history for a fairly “easy” response, „there are always 
Enough effector-classes at high strength to keep the achievement-R stable, 

e whole system being restricted only by the mechanical constraints of 

he apparatus and the drive-level of the animal. i 

Where would an experimenter preferring the achievement-language 
stand on such an analysis? If he finds it acceptable, it indicates that his 
use of the achievement-language Was purely descriptive ; if he rejects it, 
We assume his use of the achievement-language springs from a theoretical 
Preference, The proposed analysis seems to require no learning construct 
Teferring notationally to the “achievement” as such—no intervening vari- 
able tied somehow to the situation “Jever-down.” Its learning-theoretical 
Clements refer only to the several effector-classes, and the relation of the 
disjunction of these to “getting the lever down’ is merely a matter of 
Causal laws in the science of mechanics, requiring no behavioral counter- 


Part or re 3 
presentative. i 
Consi der another case. Suppose 8 rat has always used his teeth, never 
is paws, in th rse of an experiment. We muzzle him, find he presses 
’ e cours A . Even if we give no further 


example, if this rat has been 
accustomed in the living-cage to oP food-dispenser by means of a 
ever and i have used tee | i 
eorist mas een Raw tO the experimental lever gets induced a 
Seneralized strenctn from Rar to the home-cage dispenser, and is emi et 
S Soon as the ones merbart of the experimental hierarchy (Rteetn) is 
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prevented from competing with it. In general, an observed aor 
trackness,” “substitutability,” or “Interchangeability of means” is no 
theoretically exciting when it can be shown that the substituted R is (1) 
already in the repertory and (2) under control of a discriminative stimu- 
lus sufficiently similar to the present stimulation to allow for easy stimu- 
lus generalization. “Sufficiently similar” is necessarily vague, but the 
principle seems clear. 

A second uninteresting case is response induction. If we know for the 
species that whenever R, is strong Rs is strong also (unless it has been 
differentiated) , the occurrence of Rə as a surrogate for R; in attainment- 
mediation is not likely to be invoked as an argument against an S-R 
interpretation. . 

What other cases can arise? It might seem at first impossible to imagine 
any, for if the stimulus field resembles previously experienced fields 
which have acquired response control, the S-R theorist can invoke gen- 
eralization; and if it is so unlike the past to be “ 
theorist predict substitution will be exhibited? L 
at the lever-pressing situation alluded to above. 


Si: Home cage stimulus field (cup, dispensing bar, etc.) 
Si: Experimental stimulus field (tray, lever) 
By: Operating dispenser with paws 
Ri: Operating dispenser with teeth 
Ree Pressing experimental lever with paws 
: Pressing experimental lever with teeth 


Assume that Sr’ Rp and S,-R, 
because they were rarely or 


wholly new,” does any 
et us look more closely 


have never become strong in the home cage; 
never reinforced with food. Both, however, 
have nevertheless occurred a large number of times in the pre-experimen- 
tal history. The pre-reinforcement strengths of S,- R’, and S,-R’; in the 
experimental box are also very low. Now we strengthen S,-R’, by rein- 
forcing in the box. Suppose that Sı- R’; does not occur in the box. This lat- 
ter is an ambiguous fact, since we cannot tell whether its failure to occur 
(once we have begun reinforcing “lever pressing”) is due to low strength 
or to the ascendancy of the reinforced competitor Sı: R’. But suppose We 
now prevent R’,. If R’, occurs more than for a suitable control, yielding @ 
large extinction curve, how do we “explain” it? We cannot invoke stimu- 
lus generalization from S,-R, to Sı: R's, because we know that S,-Re 38 
weak and if generalized to the box as S,- R’, it should be even weaker. On 
the response side, can we simply invoke induction from Sı: R’, to Sı Re? 
In a crude operational sense of “induction,” this is the answer. If the rat 
behaves as described, we have “by definition” succeeded in inducing 


strength in S1 R’, by first strengthening Si+R’,. What is there t o disagree 
about? 


Here again, as in the case of the statement “He learns to press the 
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lever,” we have to decide between response induction as a descriptive or 
as an explanatory concept. As description, there could be no argument if 
the facts were as we have imagined. But, of course, this broad descriptive 
Use of the concept induction says almost nothing. Any experiment—“in- 
sight,” problem-solving, concept-formation, maze-learning, complex ver- 
bal task—in which one response topography is strengthened indirectly by 
virtue of an operation we have performed on another, may in such a usage 
be dismissed as a case of “response induction.” All cases are covered in a 
rather empty and useless sense, and such a use would not be theoretically 
Powerful because we cannot predict or control via it unless some rules for 
Conditions which will yield such induction are stated. If a rat behaved 
very “rationally and insightfully” in choosing a new route when it was 
Made available, any theorist could shrug off the problem thus posed as 
merely a case of induction! It seems obvious that we ordinarily have 
Some narrower meaning of the term in mind. To help us get a lead on this 
Narrower meaning, let us consider a series of cases of such indirect re- 
Sponse strengthening, asking which ones would make Tolmanites happy 
and not, prima facie, gratify Hullians? 


a. Soft pressing —— Harder pressing. Once the class-character of all 
R-terms is clear to disputants, this case loses. its theoretical interest. 
b. Pressing down —> Pressing sidewise. This one is a little more in- 
teresting, but still would not cause much concern in the S-R camp. 
c. Pressing with right paw — Pressing with left paw. This case is 
More doubtful still. , 
Paw press —— Teeth press. We suspect most psychologists would 
rule this out as not a fair case of response induction. Why? 


Inspection of this series suggests that it is mostly a matter of topog- 
Taphy. We feel most comfortable speaking of induction when the related 


-classes involve the same effectors and a fairly “similar” pattern of use 
of them, differing mainly in matters of force, distance, speed, duration, 


ete. It is as if we have in mind some primary induction, comparable to 
Primary generalization on the stimulus side, and based fairly directly 
Upon the biology of the species. Without an extreme degree of experimen- 
*' control and a very detailed, continuous record of the entire history of 
© organism, such a primary induction would be hard to separate from 
any more complex or “high-level” basis for an indirect strengthening 
effect. In principle, if we know that Re has never occurred, and find that 
When we strengthen Ri, Ra receives strength and can maintain itself for 
> time without further reinforcement, We would infer a primary response 
duction, In practice, psychologists examine topography as a substitute 
a any such detailed recor d of the history, apparently PN thari! 
gip, PoStaPhies are too dissimilar, the primary induction would be negli- 
e: 
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Now if primary induction could be claimed from R, to Rs the hypo- 
thetical experiment would again lose most of its theoretical interest. A 
Tolmanite might prefer to think of the process in achievement terms, but 
the more “atomistic” analysis is no longer immediately threatened by the 
mere fact of substitutability of teeth for paws. Suppose, however, that we 
know enough about the species to be confident that primary induction, at 
least to the quantitative extent required, does not hold between R; and 
Rp. What, then, are the theoretical possibilities? One may flirt with the 
idea of S-R theory’s adding a new postulate, dealing with “secondary re- 
sponse induction.” It might take some such form as the following: “If 
SiR, and SıRə are both > 0 (on the basis of separate histories of rein- 
forcement) , the strengthening of a new habit S,R, will induce strength in 
S:Re, beyond any primary induction obtaining between R, and R» as re- 
lated topographies.” Le., two responses acquire an inductive relation 
whenever they have been conditioned to a common stimulus. This strikes 
us as a rather odd sort of postulate for an S-R theory, but oddity is 
hardly an objection to it. The issue between an S-R theory thus aug- 
mented and an expectancy theory would then not be decidable on the 
basis of experiments concerning “multiple trackness” such as the one de- 
scribed. If it turned out that other types of experiments supported an 
expectancy framework, perhaps the job done by this special postulate in 
dealing with multiple trackness could be done by a derivable theorem in 
expectancy theory, in which case the latter theory would, ceteris paribus, 
be preferred. Whether multiple trackness can be de 
auxiliary assumptions from the type of expectancy 
must be considered after we have presented the posi 

A special use of the achievement language occurs in the description of 
certain “choice”’-problem experiments. The behavior of Nissen’s chimpan- 
zees (74) seems to him best characterized as “approaching the white 
stimulus card,” where the approach is not a locomotion but a “selection” 
of the white card in preference to the black. During the training period, 
there are two (compatible!) ways of describing the behavior changes. One 
can say that the response-disposition Swe > Rue and Spy —> Rriert 
are increasing in strength; he can also say that the response Rw (“select 
ing white card”) is increasing in strength while Ry (“selecting black 
card”) is not. Nissen shows that excellent transfer occurs when the spatial 
arrangement of the presented stimuli is up-down rather than left-right- 
If we have chosen the first sort of description, the prediction of the eX 
perimental result would seem to involve problems similar to those raise 
in the preceding diseussion of multiple trackness in lever-pressing. The 
second type of description is free of these difficulties, but it requires 4” 
explicit reference to the stimulus side in its characterization of the 1°- 
sponse. It is, therefore, a clear case of the achievement language, and one 
which does not seem so easily reformulated in non-achievement languag? 


rived without special 
theory here proposed 
tulates. 
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as is the case of gross locomotion toward a light. Some of the theoretical 
difficulties likely to be encountered in such a reformulation are treated in 
Nissen’s thought-provoking article. 

We conclude this lengthy but unavoidable digression on the response 
concept by emphasizing the complexity of the problems and the fact that 
some of them still await analytic or experimental solution. For our own 
Purposes in what follows, we shall use the symbol R in a fairly broad 
sense. Locomotion, orientation, and the kind of “achievement” class that 
can be specified by wholly descriptive language (including language de- 
scribing manipulandum-events) and which refers wholly to the currently 
occurring behavior, are admissible sorts of R-class. Language which refers 
even implicitly to the properties of other intervals or to stimulation noé 
Present to the organism at the time the response is being emitted, is ex- 
cluded. We do not believe that these rules are either so narrow or so wide 
as to prejudge any significant theoretical issue. 


The reader who is accustomed to having his non-expectancy theories 
Served up with such verbal adornments as “mechanical,” “blind,” “helter- 
skelter,” or “meaningless” will be disappointed. Making psychology “like 
Physics” is very probably an overly ambitious aim, but one easily avail- 
able way for us to work at it is to dispense with these obfuscators. Thus, 
if we want to distinguish in what follows between an expectancy and a 
stimulus-response connection, we shall not find it necessary to label the 
latter a “mere stimulus-response” connection. We would not take Tol- 
man’s approach as a serious scientific one unless we assumed that its 
om could be caught by the postulate proposals themselves, without 

Olstering it with any such verbalisms. 

We fare isa that the usual distinction “8-S” versus “S-R” 
should be sought in the more complex relations among constructs, i.e., 
their role in the whole system of laws, rather than in any differences in 

Ow the empirical variables are defined. Thus, we shall argue that the 
concept expectancy is more conveniently introduced by implicit definition 
han by any such direct “operational” reduction-sentence as that go 
Ployeq by Tolman, Ritchie, and Kalish (173). Even if the supposed “op- 
rational definition” were an acceptable one, which we have argued above 
ìt is not, it does not seem to us a step in the fruitful direction. Is there 
nothing in common between an “expectancy” in the spatial learning prob- 
em and an “expectancy” in the Skinner box? If not, this definition of 
€Xpectancy would be tied to a certain design, in a way which can hardly 

€ the intention of a general theory. Of course, another reduction-sentence 
can be written for the Skinner box, and the same word used. But is this 
really what Tolman has in mind? Presumably some general laws about 
°xPectancies are envisaged. Why not, then, make the concept general from 


the first? 
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The history of experimentation, particularly in the latent learning area 
discussed in the section preceding, strongly suggests that it is unrealistic 
to search for an experimentum crucis which will strictly force a decision 
between an expectancy theory and others. Probably many experimenters 
designing latent learning studies have had some “crucial” intentions, but 
with over 49 such studies at the time of this writing, the controversy con- 
tinues and new experimental designs continue to appear. It seems that we 
can only hope to proceed by partial formulations which entail, in an 
“other-things-equal” sense, certain rather broadly specified consequences, 
and the gradual accumulation of confirmed or disconfirmed consequences 
will progressively support or disconfirm the theory. Whether or not one 
agrees with most of his arguments, Thistlethwaite’s review (106) points 
up the complex character of our inductive problem. We are in relative 
ignorance of many factual matters, of which the following seem to us 
among the more important: hunger-thirst interaction, the arousers and 
satiators of the “exploratory” drive, alternation effects, emotional conse- 
quences of frustration, dependence of “behavioral oscillation” parameters 
upon overall drive level, the safest methods of guaranteeing “satiation,” 
effects of past experience upon the goal-character of objects, relative 
value of primary and secondary reinforcers as rewards, potency and dis- 
criminability of the proprioceptive input (particularly as it arises from 
damped consummatory responses) as a source of cither reinforcement oF 
discriminative control, and so on and on. New experimental data on any 
one of these may necessitate large revisions of our thinking about whole 
families of experiments. A possible example would be Christie’s work on 
pre-experimental experiences with the incentives (12, 13, 14). No avail- 
able theory, it seems to us, says enough “in advance” about all of these 
and similar questions, to rule out all possibility of recourse to various ad 
hoc explanations after the fact. To be sure, any such auxiliary hypotheses 
must themselves have further factual implications if they are not to be 
rejected as purely ad hoc. Even so, when w 
implications of these special hypotheses, 
ring afresh. No one can be “blamed” 
theoretical constructs is in the nature of science. Over 20 years ago such 
logical empiricists as Schlick were pointing out that there is a sense 12 
which any single experiment, even though conceived with reference to # 
specific hypothesis, can be regarded as an indirect test of the entire causal 
framework within which the scientist operates. The physicist “takes for 
granted” the accurate working of his ammeters while he is engaged ii 
studying something other than instrumentation problems; but a complete 
explication of how a pointer-reading is able to con 
cerning mesons would, of course, have to “unpack” 
the ammeter. Hence, his successful prediction of 
come furnishes a small increment to the inductive 


e set up experiments to test the 
we find the same problem recur- 
for this, for the interdependence 0 


firm a statement co?” 
the internal physics ° 
the experimental out- 
support for the latter 
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One difficulty with contemporary learning theory is that our ammeter- 
reading is an animal’s “response-strength”; the behavioral analogue to 
the physics of the ammeter (or, better, of the whole experimental circuit) 
would, strictly speaking, have to include the answers to all the questions 
in the above list; and in the present state of our factual knowledge it sim- 
ply does not. 
i It is easy, for example, to write an “operational reduction” of, say, 
expectancy.” We may take a Carnap reduction pair (7) as our model, 
and treat “this rat is hungry” analogously to “this sugar-lump is soluble.” 
But this is too easy. Carnap could get by with it because (1) it takes very 
little to specify the conditions, and (2) the specified conditions are readily 
realizable, When Carnap says “If put in water, then, ‘It is soluble’ is 
equivalent to ‘It will dissolve, ” no one needs to be told that, e.g., the 
Solvent used as a test-substance must not already be a super-saturated 
Sugar-solution! This kind of example presupposes a whole set of “obvi- 
ous” and “unstated” test-conditions. But the point is that they can be 
stated, and their own test-conditions given by additional reductions, upon 
Tequest. We, unfortunately, are not in comparable circumstances. In order 
to make “This rat is expecting food at L” equivalent to “He locomotes 
to L,” we have to include such statements as “This rat is not frightened” 
and “This rat is not angry” and “This rat’s exploratory-drive with re- 
Spect to M and N is near-zero” among the realizable test-conditions. To 
the extent that the law-structure defining them is incompletely worked 
Out, this task cannot be immediately carried through. Of course, one can 
take a super-conventionalist line and flatly claim that he offers the reduc- 
tion-pair as his introduction of the notion “expectancy.” No one can 
quarrel with such a definition, since (at least if it is a bilateral reduction- 
Sentence) it makes no truth-claim. But within the context of discovery, 
We like to know that a proposed formalization catches the intent a 
Mitially vague explicandum, because as a matter of scientific yet it 
does not, it may have lost in conceptual fruitfulness what it gaine = 
Precision. Philosophers of science of different basic persuasions are sti 
agreed that it is easier to write merely operational definitions than to 
Work up operational definitions that lead to the possibility of potenti 
laws and theories in virtue of the fact that, While in. a sense conven- 
tional” or “arbitrary,” they still select out for mention the naŭsally rele- 
Vant aspects of the world—that they “slice the cake rightly” or “carve 
ature at its joints.” It seems, for example, unlikely, tliat any Re 
Sentences for such constructs as “expectancy,” “habit,” or hunger ett 
the long run lead to a predictively powerful theoretical eatery 
se are framed so as to ignore eh smh lar: 
Bue,” or « mpeting exploratory response Ra. e 
e have eet = eon in considerable detail, maa u > 
the methodological orientation which leads us to prefer an implicit deln: 
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to include guesses as to the causal laws defining such constructs as ae 
ploratory drive” and “frustration.” Experiments aimed at testing the 
proffered system can, at best, claim to have (1) eliminated or (2) ran- 
f any particular “test” experiment 
having actually achieved the neces- 


more generally). We suggest that 
the present approach via implicit defi 


nition allows for these accretions 
with less violence to the basic theoretical structure than is the case with 
allegedly “direct, operational” definitions of the core constructs of the 
theory. 


There seems to be no Justification f 
degree of quantification to specific gu 


doing so, we must be prepared for the objection that “But that isn’t quite 
what Tolman means.” It is not 


easy to state Precisely what Tolman 
means, and in many cases he has nion on 
points which an axiomatization g about. 
ous to offer a formulation of somebody 
already formulated him: 


ified set of theorems, could be seen as in exact isomorphism with a more 
formalized set which actually did the job. 
Anthropomorphie, intuitive, or co ntent may be used 


freely at first, in arriving at formulations This is especi i 
y ; 5 . ally true in 
working with Tolman’s ideas since he hi 5 7 


mmon-sense co: 


, the “naturalness” 
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elements. When one Says “T expect to find food in the 


as involving three 
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(1) What he sees, initially: “The refrigerator.” 
(2) What he does when he sees it: “Open it.” 
(3) What he sees after doing that: “Food.” 


In the vernacular, these three components are not equally stressed. Thus, 
in the example, the reference to behavior is suppressed or barely indicated 
by the verb “find.” Verbalization of expectations concerning loci are es- 
pecially likely to suppress the reference to behavior, confining themselves 
to a statement as to where something is. Verbalization of other types of 
expectancies are more likely to include a reference to behavior. Thus, “If 
I reach toward a (seen) pencil, I expect to feel it,” “When you insult 
people they get angry at you,” “You have to turn the knob before it will 
open,” “That rat expects food when he presses the lever.” It is possible 
that Tolman’s almost complete dependence upon the maze as an instru- 
ment of discovery has led him to carry over this easy suppression of the 
response term, and thus given him the difficulty in “getting to” behavior 
indicated by Guthrie’s well-known gibe that Tolman leaves the rat buried 
in thought. If this mistake (as we see it) is avoided, the getting-to-behav- 
ior need not present a problem any more acute for Tolman than for a 
non-expectancy theorist, as we shall try to show. The exclusive concern 
with the “learning a locus” kind of problem, where the stimuli are charac- 
teristic of places and the responses studied are locomotions, makes it easy 
to formulate an expectancy theory as “S-S,” a decision which generates 
endless difficulties in the ensuing development. 

So when we characterize an organism’s expectancy, we have to indicate 
what he expects under what circumstances when he does what. The “basic 
theoretical element” in an expectancy theory differs from such an element 
as slp in that the expectancy involves somehow a reference to what is 
expected. In Hull, this expected thing is involved only “historically,” in 
the sense that it appears in the laws which state how sHpr grows (i.e., it is 
involved as the reinforcer of a specified sHz). But it is not involved in the 
characterization of sH, itself, wherefore to identify the habit we need 
only two subscripts, not three. On the other hand, the basic theoretical 
element introduced below in our reformulation of Tolman does involve a 
reference to R. The problem of how to get to the response is solved by 
putting R in at the beginning, as in non-expectancy theories. 

In what “language” are these three components to be characterized? 
Let us call them, the elicitor, the response, and the expectandum (from 
Latin gerundive “. . . to be expected”). Thus: 


Elicitor Response Expectandum 
Sı: Choice-point stimulation Ri: Right turn S>: Food-box 


Obvious simplifications occur here, of course. “Turning right” is a 
reaction-class of variable members. The elicitor is a proximal stimulus 
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field bearing complex statistical relations to the physical situation. How- 
ever, neither of these simplifications seems clearly more characteristic of 
Tolman’s than of any other theory. A probabilizing treatment of “stimu- 
lus-elements” [such as Estes (26)] could be carried out within an ex- 
pectancy frame as well. 

The expectandum is also really a class of proximal stimulus fields, the 
members of which are dated occurrences. If one says loosely “an occur- 
rence of the expectandum,” he means the occurrence of a member of this 
class of proximal stimulus-fields which the organism realizes by entering 
into a certain physical relation to the named external object. Strictly, of 
course, this external relation also has a class-character. Often, as is also 
true of the elicitor, the expectandum will be alluded to in terms of physi- 
cal objects. But this is always understood to be elliptical, and in any case 
where it makes a difference the term should mean a proximal stimulus 
class. 

An expectant is a unique, dated occurrence of a sequence in which Sı 
(elicitor) occurs and arouses a central state (7182). The aspect, “com- 
ponent” or phase of the central state designated by so, is an expectate 
(thus, also a unique, dated occurrence). 

A disposition to have expectants of a certain sort (i.e., characterized 
by components $;,R,,S2) is an expectancy. It must be understood that 
these remarks are in the nature of preliminary explications, since they are 
manifestly not “operational definitions” in behaviorese. Such concepts as 
these are finally to be defined by the whole system of postulates in which 
they occur. Therefore, in the present volume they remain very incom- 
pletely defined. 

Sı (the elicitor) is obviously to be characterized in the usual stimulus 
language, and R, in the response language. While S (expectandum) is 
a stimulus, in what language is its central representative (so, the expec- 
tate) to be characterized? Four “languages” are available: 


(1) Physical stimulus language. 
(2) Response language. 

(3) Physiological language. 

(4) Phenomenal language. 


All but (1) are quickly eliminated as candidates. There is serious doubt 
as to whether there exists a (4) which is not really (1) with the subject 
reporting under special instructions; and in any case the rat hasn’t told 
us his. Language (2) would miss the point by turning us back to a re- 
sponse theory (cf. role of rg in non-expectancy formulations). Language 
(3) will be fine when we get it, although probably even then not the most 
useful for behavioral purposes. This leaves (1), which is what common- 
sense suggests anyway. “What do you expect around the corner?” calls 
for a description of the objects and events that will be there. It is also 
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convenient to have the expectate in stimulus language since at some stage 
of the matter of “confirming expectancies” it will come up for quantifica- 
tion (“how well did the environment confirm the expectant?”), and it 
will be desirable if the same qualities and dimensions are available in 
discussing both the expectate and the confirming (or disappointing) en- 
vironment. 

Thus, to characterize the components of an expectancy we will ulti- 
mately require three sets of properties: 


Si:—Properties characterizing the elicitor. 
Ri—Properties characterizing the reaction-class (= response). 
Se—Properties characterizing the expectandum. 


The entire central state aroused by the elicitor S; is the “expectant” 
(siriss). While the denotatum of s2 is a neural event, in its role as a hypo- 
thetical construct it is characterized by a set of stimulus-numbers; just 
as the dimensions needed to identify the subscript R in sHp are move- 
ment dimensions, although sH,p as a hypothetical construct itself is a 
central state or, as Brown and Farber would view it, a “calculational 
device” (4, p. 467). This sort of oddity seems to be the fate of a molar 
behaviorism and all one can do is try to get accustomed to it. There seems 
to be nothing methodologically wrong with it, since the presence and the 
Quantification of a particular expectancy is inferred from the strength of 
a disposition to emit R, in the presence of Sı provided the terminating 
stimulus Sə is currently valenced. That is, the central construct (S1 RS.) 
is tied to certain sets of data sentences about Sı, Rı, and Ss. When these 
three symbols occur conjoined in the brackets, they (jointly!) denote an 
expectancy; which latter is a theoretical construct and hence not in data 
language. But when we want to know “which expectancy” is being talked 
about we need a notation which links us up to the ultimate coordinating 
definitions in data language. The expectandum, a proximal stimulus class, 
has stimulus dimensions; when the same capital letter occurs in the 
brackets, it does not—could not, for within the brackets it has no inde- 
pendent designating function at all. 

The following skeletal set of “postulates,” with accompanying brief 
Comments, illustrates how the expectancy-concept might be introduced. 
We have kept fairly close to Tolman’s language to avoid yet another new 
Vocabulary. Each “law” contains sub-principles of varying independence. 

he term monotonic is to be understood throughout when functions are 
Mentioned, 

1. Mnemonization—The occurrence of the sequence Sı > Ri > $ 
(the adjacent members being in close temporal contiguity) results in an 
mMerement in the strength of an expectancy (SıRıS2). The strength in- 
Creases as a decelerated function of the number of occurrences of the 
Sequence. The growth rate is an increasing function of the absolute value 
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of the valence of S2. If the termination by Se of the sequence Sı > R, is 
random with respect to non-defining properties of Sı, the asymptote of 
strength is = the relative frequency P of So following Sı —> R, (i.e. a 
pure number). How far this asymptote is below P is a decelerated func- 
tion of the delay between the inception of R; and the occurrence of So. 

Comment: This is one of the “basic acquisition postulates” for an 
expectancy theory, playing a role similar to Postulate 4 in Hull’s 1943 
set. We have taken as.a first guess the assumption that the valence of the 
expectandum affects rate of acquisition only, not asymptote. In common- 
sense terms, if an animal confirms an expectancy often enough he will 
become “certain” of it whether it is valenced or not although, if it is not 
highly valenced, this process may take a very long time. The “absolute 
value” refers to the supposition that strong negative valences also yield 
rapid growth of expectancies, although presumably this will ultimately 
have to be greatly qualified by additional postulates concerning emo- 
tional “disrupting” effects. 

Professor Tolman (personal communication) raises the question 
whether the third sentence, referring to the dependence of growth rate 
upon expectandum valence, is meant to imply that zero valence of Se 
would mean zero growth. If so, he states that he would be in disagreement 
with it. We have left this question open deliberately in our phrasing of 
the postulate, to emphasize our own view that the necessity of reinforce- 
ment in the acquisition of “whatever is learned” is not the defining prop- 
erty of an S-R theory, nor is a denial of the necessity of reinforcement 
for learning the feature which defines an expectancy theory. We agree 
with Spence (97) that the issue “S-R versus expectancy theory” is 
logically distinct from the issue “reinforcement versus contiguity-as- 
sufficient,” and we are taking the first issue as crucial in what follows. 
Confining the discussion entirely to instrumental learning, it seems that 


four possibilities can be sketched a priori for the forms of learning theory, 
thus: 


Reinforcement issue 


Reward necessary | Reward not necessary 


for the acquisition for the acquisition 
Issue asto form Habits: S-R Hull Guthrie 
of basic learning connections Miller 
construct (“‘what Skinner (Type R) 
is learned”) 
Expectancies: SRS T Tolman 


connections 


Tf the parameters of the mnemonization function (SRS) = f(n) are so 


df 
chosen that an 0 when |V| = 0, we would have a theory to fill the lower 
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d 
left box. If cs > 0 when |V] = 0, we have Tolman. The very fact that one 


can adopt the entire set of postulates and then make his guesses about 
this question within the expectancy frame seems to us the more reason 
for rejecting the “necessity of reward” as defining a major theoretical 
issue. The acquisition postulate might be, say, of the form (SRS) =M 
[1 — e—(e+0v)] and it is hard to see the argument between “map” 
theories and “response” theories as somehow concealed in the question 
whether the constant a is exactly zero or instead is near zero. It is an in- 
teresting question why, historically, the above table has an empty cell. 

The matter of asynchronism between S, and R, has been ignored except 
insofar as “close temporal contiguity” is required, since we are here 
dealing with instrumental (operant) learning only. The reference to the 
valence of S» attempts to do some justice to the insistence of Leeper (53, 
P. 105) and Tolman (151, p. 150) that the animal’s cognizing of an ex- 
pectandum depends to some extent upon the latter’s “importance” to the 
heed-state, without prejudging the exact quantitative question just dis- 
cussed. It will appear later that this is not, as a superficial analysis 
might suggest, tantamount to admitting the truth of some non-expectaney 
theory. Note also that the present form includes a reference to confirma- 
tion-frequencies < 1, since such cases are by far the commonest in “real 
life.” Such less-than-invariable successions generate expectancies of 
lower strengths, which in turn lead (via the activation postulate below) 
to lower instantaneous strengths of response. Of course, if the probability 
of Sa is non-random with respect to some property of Sı, we are in effect 
Setting up a discrimination between two elicitor subclasses S,’ and 8”, 
and hence must reformulate the problem in terms of two expectancies. 
There must also be the possibility of a time-reference in the elicitor-term, 
to take care of those temporal discriminations reflected in curves obtained 
under periodic reinforcement. Similarly, if there are non-defining prop- 
erties of R with respect to which the S> probability is not invariant, we 
deal then with a problem in response differentiation, i.e., these properties 
become defining properties for two new reaction-classes Rj’ and R,” and 
again we must begin speaking of two expectancies. In both cases the 
Single postulate leads to a gradual drawing apart in strength. We have 
called the whole a principle of mnemonization following Tolman’s dis- 
tinction (1932) between this process and the other two cognition forms 
(perception and inference). 

We have considered a radical addition to this postulate which would 
Make the rate of expectancy-growth depend not merely on the valence of 
S2 but on the valences of all the approximately simultaneous stimuli; and 
Such an addition may be found unavoidable. But after the first occurrence 
of a sequence Sı —> Ry —> (S2S*) where the star superscript indicates 
that S* is valenced, the expectandum Sz will have an induced cathexis 
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(see 6: Secondary Cathexis below) ; and the response will, in addition, be 
receiving strength from the expectancy (S,R,S*). Hence experimental 
evidence for the suggested addition would be hard to get, requiring either 
a very sensitive operant or large numbers of animals. 

2. Extinction.—The occurrence of a sequence Sı > Ra, if not termi- 
nated by Se, produces a decrement in the expectancy if the objective So- 
probability has been 1.00, and the magnitude of this decrement is an 
increasing function of the valence of Sẹ and the current strength of 
(S1RıS2). Such a failure of S2 when P has been = 1 is a disconfirmation 
provided (S,R,S2) was non-zero. For cases where the So-probability has 
been < 1.00, if this objective probability P shifts to a lower P’, and re- 
mains stable there, the expectancy strength will approach some value 
=P’ asymptotically. 

Comment: This principle is in particularly poor shape, and we would 
perhaps do better to over-simplify by ignoring anything but expectancies 
near 1.00 at this stage. The principle is qualitatively analogous to the 
usual extinction principle in non-expectancy theories. The notions of in- 
hibition and energy-expenditure are not, however, introduced. To do so 
in this context would depart too much from the spirit of an expectancy 
theory. We are not primarily “tiring out” responses, we are instead 
“learning that Sz no longer follows unfailingly.” The undoubted relevance 
of the work-parameters and the whole problem of spontancous recovery 
must somehow be dealt with by an expectancy theory, but will better be 
fitted in somewhere else than here. Three different components of this 
question may be tentatively distinguished. First, we will have (as in this 
postulate) the reduction of the “cognitive” strength of the expectancy by 
a failure of the usual terminator. Secondly, we may assume that there 
are some work-related consequences of movement similar to Hull’s Ip, 
which depress effective reaction-potential without altering expectancies 
(just as it does not alter sH» in Hull). Thirdly, there is a possibility of 
an effort-dependent parameter being required in the equation for sEr, 
quite apart from any question of “accumulating consequences” of work. 
Such a parameter would not be confined to extinction effects but would 
also enter into the ordinary determination of a rate of responding, 
whether the schedule of reinforcement were periodic, aperiodic, or con- 
tinuous (cf. 91, p. 202). 

If we had enough leads on “anxiety” to anchor it more adequately on 
the dependent variable side, we would be tempted to insert here some kind 
of “Law of Disappointment: The occurrence of a disconfirmation of 
(S,RiS2) if S2 has positive valence arouses anxiety, the amount of anxiety 
being an increasing function of the valence of the expectandum Sz.” 

When the initial P < 1, the decline from P to P’ presents special prob- 
lems. In the case of a schedule of periodic reinforcement we have the 
option of (a) speaking of a family of expectancies, the elicitor of each 
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being made to include time, rate, or serial position as a “stimulus” 
variable (cf. 90, pp. 263-265) ; or (b) speaking of some sort of generaliza- 
tion gradient from the strongest value of a single expectancy. But on an 
aperiodic schedule these possibilities are not available, at least in any 
obvious way. Common sense would say, “If the rat gets a pellet every 
time, a disconfirmation will be noticed. Similarly, although with a slight 
vagueness because he cannot differentiate time precisely, the rat notices 
a failure to deliver at the end of four minutes. But if the administration 
of S» has been random, he must be kept on the new schedule for a time 
before he lowers his anticipations.” These problems remain to be taken 
up constructively, but the skimpy state of present evidence hardly 
Justifies an attempt as yet. 

Another interesting possibility is that of inducing negative cathexes via 
the disconfirmation operation. There might be some principle to the effect 
that “Disconfirmation of an expectancy (SıRıSə) by terminating the 
Sequence Sı — R, by a non-valenced stimulus (or, less-valenced) Sw 
instead of So induces a negative cathexis in S provided that the expectan- 
dum S, had a positive valence at the time of the disconfirmation. The 
increment given to this negative cathexis (or, more generally, the decre- 
Ment given to this cathexis) is an increasing function of the valence of 
So, and the negative valence given S; by this negative cathexis will covary 
with subsequent change in the need which gave Sə its valence.” Such a 
Principle might be used to deal with the Kendler-Mencher data (49), 
where each sight of food in the “wrong” cup meant disappointment of the 
water-expectancy. One thinks also of the oft-cited “disappointment” of 
Tinklepaugh’s (109) monkeys, or Crespi’s work on shifting to smaller 
maze rewards (15, 16). As stated in the postulate, the idea is that the 
single disconfirmation produces a decline in a near-unity expectancy. It 
also produces a decline in a weaker expectancy which is, however, ap- 
Proaching unity as an asymptote under a continuous schedule (P, = 
1.00). But in this second case the absolute decrement is less. In both cases 
the decrement also depends on the valence of Sp. If we have a Pe < 1.00 
to start with, the single “disconfirmation” cannot play such a role, as we 
have just discussed. 

3. Primary stimulus generalization—When an expectancy (S,R,S2) is 
Taised to some strength, expectancies sharing the R and S terms and 
resembling it on the elicitor side will receive some strength, this generali- 
zation strength being a function of the similarity of their elicitors to S4. 

he same is true of extinction of (S:21S2). 

Comment: This again plays a role similar to that which generalization 
Plays in a non-expectancy system. It seems repugnant to common sense 
M one way, namely, that we do not seem to expect S when Sj’ is “simi- 
lar.” in certain cases when we can “tell it apart from” S,. But this 
common-sense objection seems to be mainly true of our expectations re- 
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garding places. Perhaps some additional assumptions as to long-term 
breaking down of generalization tendencies, i.e., a reduction in the para- 
meters themselves, may be needed. 

The use of the non-committal term similarity instead of a reference to 
units on a particular stimulus continuum is deliberate, The postulate is 
intended to cover a host of specific perceptual laws, each to be separately 
investigated. No reference to the acceleration of the generalization func- 
tion is here appropriate; the many sorts of abscissa-variables which will 
occur in these gradients of “similarity,” and a certain arbitrariness in 
their quantification, make untimely a reference to the sign of the second 
derivative of such gradients. 

Tolman has been accused of referring vaguely to “laws of perception” 
when the problems of generalization and stimulus equivalence come up. 
To be sure, this is what he does; but it is not clear just who is in a position 
to criticize him for it. There is a serious question as to whether anyone 
else does more than this (validly) for any but the simple, one-dimen- 
sional case. For this simple case, a decay function against abscissa 
stimulus values (whether in absolute units or j.n.d.’s) may be substituted 
in the above postulate by the reader who wishes to do so. 

4. Inference—The occurrence of a temporal contiguity S.S* when 
(S1RıS2) has non-zero strength, produces an increment in the strength of 
a new expectancy (S,R,S*). The induced strength increases as a deceler- 
ated function of the number of such contiguities. The asymptote is the 
strength of (SıRıSə) and the growth rate is an increasing decelerated 
function of the absolute valence of S*. The presentation of Sz without S* 
weakens such an induced expectancy $,;R,S*. The decrement is greater 
if the failure of S* occurs at the termination of the sequence Sı > Ry 
—> Sə than if it occurs as a result of presentation of Se without S* but 
not following an occurrence of the sequence, 

Comment: We believe that this is the sort of postulate whose presence 
contributes heavily to the identification of an expectancy theory as such. 
The term “expectancy,” while it occurs in the Law of Mnemonization, 
cannot immediately be distinguished in its empirical consequences by its 
role there, from the alternative “habit” or “S-R bond.” From reading the 
law of mnemonization one could see no good reason for including S> as 
part of the “expectancy.” For if the valence of S2 depends jointly on 
need and cathewis, and the latter is not being experimentally manipulated, 
then the only really relevant use of the valence of Se is in the acquisition 
postulate, where we can often make So play the role of the “reinforcer” 
and drop any reference to it in characterizing that which is being thus 
strengthened. 

In such a case we would have reduced (S:R1S2) to sHp. But the role 
an expectancy takes on by virtue of the occurrence of Sz in the Inference 
Postulate, and by the kind of strengthening operation this makes possi- 
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ble, permits it to behave in the entire system in a new way. This new 
way makes the “basic bond” (S,R,S») correspond in its properties more 
to what Tolman (and the layman) seem to mean by an “expectation,” 
and less to the usual psychological definition of a “habit.” 

The common sense of the situation is obvious. If one has learned to 
expect that he can bring about a certain situation by doing so-and-so; 
and then (subsequently) he finds that a new element is to be found in 
that situation; he “infers” that he will be able to bring about the presence 
of this new clement by doing so-and-so. It may be objected that this 
differs from the idea of secondary reinforcement of an sHp only in the 
time-order of the two acquisition procedures. In the usual case covered 
by the “secondary reinforcement” concept, we first pair a known rein- 
forcer S* with a neutral S2; this pairing is said, by the principle of 
secondary reinforcement (a postulate?) , to confer the “reinforcing prop- 
erty” upon Se. When we now terminate the sequence Sı — Rı by pre- 
senting S», the basic principle of reinforcement can then be invoked to 
derive the consequent strengthening of sx, Expectancy theory pro- 
ceeds almost identically by use of the principle of secondary cathexis. In 
the other time order, we first run off the sequence Sı > Ry > Sy 
repeatedly (observing no increase in the tendency of S; to elicit R,). Fol- 
lowing this, we pair Sy with the valenced S*, but not following runnings- 
off of the sequence, This pairing confers the “reinforcing property” upon 
S2; but there is no principle which we can now apply retroactively to 
strengthen the bond between Sı and Rı. “Only” the time-order is what 
makes the big difference. One order is easy for both expectancy and non- 
expectancy formulations, given a postulate or corollary of secondary 
reinforcement, The other order is practically impossible for non-expect- 
ancy theories except by an introduction of additional responses as 
mediators. After all, there is a sense in which time-relations are the 
essence of all learning theories, since they all make use of the basic rela- 
tions of contiguity and temporal succession. For instance, if an associa- 
tion of topographically unrelated elements took place on the basis of a 
“contiguity” involving a five-year interval, all theorists would be equally 
stupefied, The time-relations are the crux of learning situations, so an 
objection that the difference is “merely one of time-order” cannot be sus- 
tained. 

We have ignored here the generalization problem. It must be supposed 
that contiguities of S* and some fourth stimulus Sə will induce strength 
in S,R,S* provided that Sz and S% are sufficiently similar. Perhaps a Law 
of Primary Generalization should be stated for expectanda as well, as 
follows: 

5. Generalized inference—The occurrence of a temporal contiguity 

25* produces an increment in the strength of an expectancy S,R,S* pro- 
vided that an expectancy SıRıSz was at some strength and the expectan- 
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dum 8S,’ is similar to S2. The induced strength increases as a decelerated 
function of the number of such contiguities. The asymptote is a function 
of the strength of S,R,S.’ and the difference between Sẹ and Sx. The 
growth rate to this asymptote is an increasing decelerated function of the 
absolute valence of S*. 

6. Secondary cathexis—The contiguity of Sə and S* when S* has 
valence |V] produces an increment in the absolute cathexis of Se. The 
derived cathexis is an increasing decelerated function of the number of 
contiguities and the asymptote is an increasing decclerated function of 
|V| during the contiguities, and has the same sign as the V of S*. The 
presentation of S without S*, or with S* having had its absolute valence 
decreased, will produce a decrement in the induced cathexis of So. 

Comments: This is “secondary reinforcement,” and in Tolman’s 1950 
language some mixture of the learning of cathexes and equivalence- 
beliefs. Since we have been unable to distinguish these two to our 
satisfaction, we have put them into one principle. They also appear 
somehow fused in the principle of Elicitor-Cathexis below. 

The induced cathexis presumably cannot be said to approach an 
asymptote which depends only upon the cathezis of the primary stimulus 
S*, since under low drive we would expect that contiguity to confer less 
induced value upon S2. Hence, we have made this asymptote hinge upon 
the valence (cathexis-need combination) of S*. But the reasoning here 
is not so evident as is sometimes thought. A more daring guess would be 
to rephrase the asymptote reference and say “. . . and the asymptote is 
that of the inducing cathexis,” (not valence). This would mean that if a 
neutral stimulus is repeatedly paired with a strongly cathected goal- 
object but under low need, a subsequent rise in need should give the 
(now) secondarily cathected stimulus the same large valence it would 
have had if the pairing had taken place under high need. 

7. Induced elicitor-cathexis—The acquisition of valence by an ex- 
pectandum Sz belonging to an existing expectancy (S,R,S) induces a 
cathexis in the elicitor S,, the strength of the induced cathexis being a 
decelerated increasing function of the strength of the expectancy and 
the absolute valence of Sə. 

8. Confirmed elicitor-cathexis—The confirmation of an expectancy 
(SıRıS2), i.e., the occurrence of the sequence Sı —> R, —> S when 
(S:21S2) is of non-zero strength, when Sə has a positive valence, produces 
an increment in the cathexis of the elicitor Sy. 

This increment in the elicitor-cathexis by confirmation is greater than 
the increment which would be induced by producing a valence in Sy when 
the expectancy is at the same strength as that reached by the present con- 
firmation. 

Comment: Some such postulate seems in order considering the rein- 
forcing properties acquired by discriminative stimuli (cf. 90, pp. 245-253; 
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43, p. 236). The distinction between induced and confirmed means that, 
e.g., choice-point stimuli acquire more cathexis when hungry rats run the 
T-maze to food, than such stimuli would acquire if rats are made hungry 
after a large number of satiated runs, even if enough of the latter have 
occurred to bring the expectancies themselves to a level comparable to 
those acquired in the first case. 

9. Valence.—The valence of a stimulus S* is a multiplicative function 
of the correlated need D and the cathexis C* attached to S*. (Applies 
only to cases of positive cathexis.) 

Comment: Such a principle is empirically useless without the whole 
mass of imbedding material required to elucidate the relation of cathexes 
and needs, The need-concept may be introduced solely by reference to the 
two basic facts of (a) strengthening responses by manipulation of their 
stimulus-consequences, and (b) experimental relevance of maintenance 
schedule with respect to the stimuli used. If such a “non-physiological” 
approach is followed there are, strictly speaking, as many “needs” as 
there are goal-object-classes found to be not completely interchangeable 
and which can be shown to be related to a maintenance-schedule (cf. 63). 
If this procedure is followed, we have two other principles to go on, once 
a class of stimulus-situations has been identified as a goal-situation and 
the strength of the associated need defined by its maintenance schedule. 

10. Need strength—The need (D) for a cathected situation is an in- 
creasing function of the time-interval since satiation for it. 

Upon present evidence, even basic questions of monotonousness and 
acceleration are unsettled for the alimentary drives of the rat, let alone 
other drives and other species. There is no very cogent evidence that all 
or most needs rise as a function of time since satiation, although this 
Seems frequently assumed. The notion of satiation itself, even in connec- 
tion with “simple” alimentary drives, presents great difficulties. 

11. Cathexis—The cathexis of a stimulus situation S* is an increasing 
decelerated function of the number of contiguities between it and the 
occurrences of the consummatory response. The asymptote is an increas- 
ing function of the need strength present during these contiguities. (There 
may, however, be some innately determined cathexes.) 

Comment: Such a principle would seem to be required unless we assume 
More biologically given cathexes for exteroceptive stimuli than seems 
Plausible. If correct, it makes necessary an ample opportunity to acquire 
the cathexes in pre-experimental exposures, before an experiment on 
latent learning is begun (cf. 13, 14). 

Perhaps any special effort to introduce postulates concerning goal- 
objects should be avoided, and the whole problem handled by implicit 
definition in which the consummatory response is itself merely treated as 
the response-term of an expectancy. This final expectancy has, e.g., food 
as the elicitor, eating as the response, and immediate gustatory and pro- 
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prioceptive consequences as expectanda. These latter are highly cathected, 
the confirmation is immediate and invariable, and the number of con- 
firmations is tremendous. The primary cathexis is then assumed to lie in 
the feel, taste, and smell of the food in the mouth, and the proprioceptive 
consequences of chewing and swallowing. By the principle of Elicitor- 
Cathexis, the sight, smell, or touch of food not yet ingested ought to 
acquire a strength of cathexis very close to the primary. Here, of course, 
one must make a guess as to how far back is “primary,” and whether 
what is primary in the Law of Effect is stimulation, cessation of stimula- 
tion, the necessary behavior-supports to respond in a certain way, the 
alteration of a central state via the bloodstream, or some composite of 
these. Tolman has referred to certain “to-be-got-at physiological 
quiescences,” with respect to which all other goal properties are ulti- 
mately docile. In the absence of any clear evidence, we have formulated 
the expectancy principles in terms of a stimulus-reinforcement view. That 
is, food has been treated as rewarding by being seen, smelled, or touched. 
We spoke of S* and Sə being contiguous, and made no mention of a con- 
summatory response. Beliefs may differ as to the reinforcing value of the 
consummatory response itself. However, whether the act of chewing (as 
an efferent event) or the immediate sensory consequences of the act, is 
what gives it its reward-value, makes little difference for the present task. 
Since the two are (barring surgical tricks) necessary and sufficient con- 
ditions for each other, we can refer merely to the “consummatory re- 
sponse” and get to all anterior (and presumably derived) cathexes from 
there. 

12. Activation—The reaction-potential sp of a response Rı in the 
presence of Sı is a multiplicative function of the strength of the expect- 
ancy (SıRıS2) and the valence (retaining sign) of the expectandum. 
There are momentary oscillations of reaction-potential about this value 
sEr, the frequency distribution being at least unimodal in form. The 
oscillations of two different sHp’s are treated as independent, and the 
response which is momentarily “ahead” is assumed to be emitted. 

Comment: From here on in the intervening variable chain there need 
be little or no difference between expectancy and non-expectancy theories. 
As in the case of non-expectancy theories (cf, Postulate VIII, Corollary 
v in 40, p. 8), a problem arises in connection with multiple expectancies 
having the same response term. We have made no attempt to consider the 
formalization of the overlapping case. One sense in which the “field” 
emphasis might seem intimately connected with the expectancy view 
(contrary to our separation of these issues) involves this question. For 
one might set up (conceptually) as many separate expectancies as there 
are stimuli in the goal-box. That is, there is an expectancy of wood, of 
white color, of sawdust, of a food-cup, and so on. A disturbing arbitrari- 
ness arises here, since by “cutting it fine” we could find ourselves con- 
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sidering indefinitely large numbers of expectancies, each coordinated to 
some describable aspect of the physical situation terminating 8; > Ry. 
It might be inferred from this that some substituting of the “field” as 
expectandum will avoid the difficulty, and hence that the “field approach” 
is more intimately related to an expectancy theory than to S-R formula- 
tions. However, the same appearance of arbitrariness occurs on the 
elicitor side, and hence for non-expectancy theories. Why are there not 
as many habits being conditioned in the T-maze as there are physically 
describable “stimuli” at the choice point? And, since the rat does not 
always sample all of the available (external) stimulus energies on every 
trial, these habits must be presumed to be growing at different rates; 
presumably they also have different asymptotes because of the different 
modalities and stimulus intensity dynamisms involved. We do not mean 
to underestimate the difficulties merely by pointing to their occurrence 
elsewhere, of course. But the present interest is not in those difficult 
problems which are shared by expectancy and non-expectancy theories. 
What is actually done in most contemporary experimental speaking about 
Sı is to characterize the apparatus and let it go at that. Skinner’s em- 
Phasis on the generic nature of stimulus and response stems from his 
awareness of the problem. Interest is centered on actual stimulus com- 
Ponents of the starting-box or choice-point only when they are playing 
a discriminative role—in which case we would talk similarly about two 
expectancies (with different elicitors) in the present formulation also. 

A law of threshold of sEpr to produce response, laws relating response 
Measures (amplitude, latency, response-probability), and a more detailed 
law of oscillation might be similar to or identical with Hullian principles. 

Some principle of chaining may be in order, beyond what is yielded 
by, e.g., the elicitor-cathexis principle. But the statement of a chained- 
expectancy postulate is pointless until some activation-postulate for 
chains is also stated. We might, for example, choose to concern ourselves 
only with how to calculate the strength of the initial member since, as 
Soon as it occurs, the problem is re-presented. (We ignore the “prediction” 
of any „Ep until we are in the presence of its elicitor.) But the problem is 
to formulate a law regarding the manner of summation of the valences 
attached to expectanda later in the chain. Looking at Tolman’s fused 
balloons on page 147 of the Purposive Behavior in Animals and Men, one 
feels the need for some postulate which will attach the subsequent ex- 
Pectanda of a chain to the response term of each member expectancy. 
Presumably this strength depends on the strengths of the links (perhaps 
not stronger than the weakest), and is greater when the chain has been 
formed by the running off of the chain sequence than when it is only in- 

uced by the separate confirmation of its elements. But obviously all of 


this is the sheerest speculation and we have not even sketched a postu- 
ate. 
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For a few sample derivations from these principles for the T-maze case, 
the reader is referred to (59). Here let us return briefly to the possibility 
of deriving “multiple trackness” for the lever-pressing case considered 
above in connection with the response problem. The expectancy (S,2,S;) 
where the bar over h or l means home-cage or experimental lever down, 
has been strengthened by the pre-experimental history in the home-cage 
(Postulate 1, Mnemonization). Since the home-cage bar for operating 
food-dispenser and the lever in the experimental box are similar, the 
expectancy (SıRıS7) is strong by Postulate 3, Primary Generalization. 
In the box, repeated pairings of “lever down” (S;) with food-pellet 
presentation (S,*) generate an expectancy (S)R,S,*), by Postulate 5 
(Generalized Inference), since Sr resembles Sx. Any topographic differ- 
ence between teeth-pressing in the home-cage and that in the box is as- 
sumed to be well within the inductive range of the class R. If this were not 
assumed, the substitution of (S,R;’S7) for (S:R,S;) would, of course, re- 
quire an additional postulate of response induction. The important point 
here is that the derivation is mediated by the inference postulate, and 
hence involves a learning construct which notationally refers not only 
to the elicitor and the response but to a third element, the expectandum, 
as well. It is via the reference to Sy, “lever down,” that the derivation can 
be carried through. The formal structure here mirrors our informal 
notions of an expectation, and would be paraphrased roughly thus: “In 
the home-cage, the rat has learned that when he sees a lever-like object, 
he can get it down with his teeth; in the box he learns that when the lever 
is down he gets food. He infers that he can get food by using his teeth.” 
An alternative derivation would invoke Postulate 6, Secondary Cathexis, 
proceeding via the acquisition by S; of a cathexis. These two are not, of 
course, opposed in their outcome or in any way incompatible. It is per- 
haps worth noting that, as is often the case, not all of the “common- 
sense” notion of the situation appears in the more formal deductions. The 
derivation actually makes no use of the cage-expectancy S,,Sz, and its 
resemblance to SiR Sz. The occurrence of the sequence Sı > Rp > SI 
serves only to bring about the juxtapositions SıS;* needed for the gen- 
eralized inference postulate. The anthromorphic linkage between “there 
are two ways to get a lever down” and “the first way gets food” to “then 
so also will the second way” finds no place in the formal reconstruction. 
Whether this would turn out to be the case for all instances of multiple 
trackness, or even whether all experimental instances of the latter could 
be derived from the present postulates, we shall not consider here. 


VI. APOLOGY TO TOLMANITES AND OTHERS 


We are aware that certain objections can be made to the foregoing as 
even a partial formalization of Tolman’s proposals. As was pointed out 
in the preceding, the question “Does such-and-such a formulation say 
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what Tolman had in mind?” is, strictly speaking, unanswerable, since 
answering it involves the comparison of a semi-definite set of proposals 
with an even less definite set. Perhaps an informal consideration of the 
spirit of Tolman’s approach is the most we can offer beyond what has 
been said. Obviously what follows can make no claims to rigor, but we 
hope that certain intuitively based or common-sense resistances to such 
a formalization will be somewhat reduced. 

The most striking departure from Tolman’s general line is probably 
our stress on the response. The basic theoretical element, the whatever- 
it-is that receives an increment from the occurrence of the sequence 
Si— Rı > So, while called an expectancy, nevertheless has a response 
reference in it from the first. We are prepared to admit that this is a 
radical departure from the current form of Tolman’s thought, although 
not so much from that of the 1932 book. (Cf. 128, pp. 10-12, 82.) How- 
ever, in other places, e.g., p- 136, the explicit reference to behavior has 
almost vanished except for the phrase “commerce with.” It is difficult to 
judge the book on this point because of Tolman’s constant use of “means- 
end-relation,” a phrase which does not clearly exclude or include a re- 
sponse-reference. The Glossary does not help (p. 451), since the word 
“direction” appears in the definition and the definition of this term (p. 
441) is similarly interpretable in both ways. On the whole, the map 
emphasis and the failure to include a specific response-reference is 
already detectable in 1932. But we are not persuaded that this aspect is 
as definitive of Tolman as, say, the kind of acquisition assumption in- 
volved in our Inference Postulate, or the kind of energizing assumption 
involved in our Activation Postulate. 

Now one of the basic difficulties with Tolman’s system, admitted at 
times by Tolman himself and stressed by his crities, is the difficulty of 
getting from “knowledge” to “action.” His tentative concession to Guthrie 
as to how a motor pattern gets acquired (151, pp. 153-154) is not, insofar 
as we understand it, fitted into his general cognitive framework with any 
great care, Taken literally, it almost seems incompatible with the rest. 
Tolman seems to be agrecing with Guthrie that “Any response (i.e., any 
Movement) which goes off will . . . get conditioned on a single trial to 
whatever stimuli were then present” (p. 153). At face value such a re- 
Mark concedes the case to the S-R-contiguity theorist. Although this 
Cannot, of course, be Tolman’s intention, he can hardly be said to have 


resolved the conflict by such general remark as “. . . such a learning 
of motor patterns is of necessity always imbedded in a larger goal- 
directed activity . . .” (p. 154). “Jmbedded in” is not a precise meth- 


Odological expression and as here used bridges some very serious axio- 
Matic gaps. 

Roughly speaking, there are two approaches to the response-cognition 
Problem. One is to formulate the hypothetical cognition without reference 
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to a response term or dimension, so that the characterization of an ani- 
mal’s cognition takes the form of some sort of quasi-propositional event 
occurring within the animal. The elements of such an inner event are 
alluded to by quasi-data words, i.e., words which (out of the psychologi- 
cal context) would denote environmental objects and their relations, as 
discussed above. This approach is indicated by the use of such metaphors 
as “map,” and the increasing use of this metaphor by Tolmanites we 
interpret to mean that they favor such an “environment-referential” ap- 
proach. The phrase “to learn the location of” stresses the same thing, in 
contrast to the phrase “to learn what response leads to.” Now it appears 
to us that what we may call the “environmental” kind of expectancy 
theory would present great difficulties in behavior linkage even if the 
axiomatization of the cognition-acquisition process were well-developed. 
Presumably a rat must have some additional expectancies regarding 
“what locomotions take me to S,” or “what manipulations by me in the 
presence of Sı will produce S2.” Otherwise, his purely map-expectancies 
regarding the “objective” relations of S to other S’s would remain, so 
to say, behaviorally irrelevant. Tolman has not addressed himself 
seriously to this question, but has left it at a rather common-sense level. 
If the rat, as a reasonable being, knew what led to what, he would do 
so-and-so. But if we try to anticipate the difficulties, it seems likely that 
an expectancy formula which does contain the response as an integral 
part of the strengthened element will have ultimately to be inserted as a 
sort of subtheory in order to get from an “environmental” expectancy to 
the behavior. If we are right in this, the obvious suggestion would be to 
start afresh and put R in somehow at the beginning. If this means “water- 
ing down the difference between Tolman and Hull,” so much the better 
for it. Of course, the complicated problems of response-equivalence and 
the specification of the reaction-class R, are still with us, shared with the 
competitor theories, 

This “response” form of expectancy theory may retain a good deal of 
the (non-metaphorical) properties suggested by the map-metaphor. But 
the map-properties will have to emerge as derivative properties, the basic 
elements still involving response reference. This remark must, of course, 
not be taken to mean that responses in the sense of effector-activity- 
classes are the “building-blocks,” links, or units out of which expectancies 
are physically constituted—that the elicitation of an expectancy always 
involves the occurrence of an effector response, however minimal. That 
would be S-R theory again, of course. We mean merely that the charac- 
terization of a complex cognitive map will involve a reference to its con- 
stituent expectancies, and these expectancies are themselves characterized 
notationally by response reference. Such a statement is quite different 
from any statement that reduces cognitions to implicit movements (cf. 59, 
p. 56). 
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The experimental use of even relatively simple space-and-locomotion 
set-ups may already involve too great complications for the present 
primitive state of expectancy theory. In the absence of carefully con- 
trolled studies of the effect of early, non-experimental space-traversing 
experience in the rat, we must not neglect the possibility that appropriate 
behavior in direction- and locus-learning set-ups is itself a high-level, 
derivative phenomenon, actually unsuitable for the elucidation of the 
primary laws of expectancy in spite of its apparent simplicity (to human 
beings with very similar spatial-locomotor histories!). In order to give 
some conereteness to our suggestion that the map-properties might be 
viewed as high-level, derivative consequences of primary response-refer- 
ring expectancies, the following skeleton analysis of a “simple” spatial 
inference is offered. Needless to say we do not offer the “postulate” as 
even a guess at the truth, but only as illustrative. In what follows, refer- 
ence to an expectancy merely designates its terms, so that it may in fact 
be of zero strength. If an expectancy has been strengthened by the oceur- 
rence of the sequence, it is confirmed, otherwise induced. The class rela- 
tionships are thus: 


Zero 


Expectancies ? “Primary” or “native” 
Non-zero4 Confirmed (e.g., by mnemonization) 


Induced (e.g., by inference) 


Before we can even state the single postulate, we need a rather cumber- 
Some set of definitions: 


1. A set of k expectancies, (k-1) of which belong to a chain and the 
kth one has elicitor and expectandum terms stimulus-equivalent 
with the elicitor and expectandum of the chain, is a circular set. The 
chain and its alternate expectancy are equivalent. 
2. If both the chain and the equivalent of the circular set have been 
confirmed, we have a confirmed circular set. 
3. Two circular sets in which 
(a) The number of expectancies is the same 
(b) The response-terms in corresponding positions in the two sets 
are so similar in topography that near-perfect primary induction 
would occur between them (or: that the amount of primary in- 
duction between a member of R; belonging to the first circular 
set and a member of R; homologous to it in the other set, is as 
great as that between two randomly chosen members of Rj, on 
the average) 

are isomorphic circular sets. 

4. Two or more isomorphic circular sets which are confirmed belong to 
a confirmed subfamily of circular sets. 
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5. The class of all isomorphic circular sets some of which are a con- 
firmed subfamily is a confirmation-family. 

6. The diversity of a confirmation-family is some increasing function 
of the differences between stimuli which are in homologous positions 
in the circular sets of the confirmed subfamily. (The term “differ- 
ence” here is not question-begging, since the differences of these 
stimuli will have been investigated directly, outside of this context, 
through studies of primary stimulus generalization and equiva- 
lence.) 


With all this vocabulary we can now state a “postulate”: 

Postulate 1001: The strengthening of a chained expectancy which be- 
longs to a circular set will induce strength in the equivalent expectancy 
of the set, provided that the circular set belongs to a confirmation-fam- 
ily. The amount of induced strength is an increasing function of the 
chain strength, of the strengths of the expectancies in the confirmed 
subfamily, and of the number and diversity of the confirmed subfamily. 
It is a decreasing function of the variability of strengths over the con- 
firmed family. 

Let us illustrate this ponderous business by something concrete. A rat 


has had the following set of expectancies very consistently confirmed in 
his home cage: 


H, Sı: distant metal tag. R,: forward. 


Sg: close tag, cage wall. Confirmed 
I. 4 He So: close tag, cage wall. Re: left turn. 
S3: water nozzle. Confirmed 
H3 Sy: distant metal tag. Rg: 45° left turn. 
S: water nozzle. Confirmed 


Hı, H2, H; are a confirmed circular set. H-H; is a chain, and H; is its 
equivalent. 

Now suppose during a test breaking phase this rat has the following 
circular set confirmed ( equally consistently, although with a lower total 
frequency) while exploring a table-top: 


Hıs Sig: north wall. R,’: forward. 


S14: edge of table. Confirmed 
II. 4 His S14: edge of table. Rz: left turn. 
Sı5: cup at NW corner. Confirmed 
Hy5 Sı3: north wall. Rz: 45° left turn. 
S15: cup at NW corner. Confirmed 


Hız, His, Hys are a confirmed circular set. Hy3Hy4 is a chain and Hy, is 
its equivalent. 

I and II are each confirmed circular sets. Since the responses in corre- 
sponding positions are similar (R, to Ry’, R: to Rý, and R; to Rs’) 
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they are isomorphic circular sets. Since each is confirmed, they define a 
confirmed subfamily. Actually, of course, not two but a considerable 
number of such sets are confirmed by any normal organism in the course 
of its non-experimental history, even in a rather restricted environment. 

Now we put a rat in a “new” situation, teaching him two expectancies: 


Hi9 S: wood floor. R,”: forward. 


Sso: iron cross-piece. Confirmed 
Ho Szo: iron cross-piece. Ro”: left turn. 
S51: goal-box. Confirmed 


Now consider an expectancy 


Hs, Sı: wood floor. Rg”: 45° left turn. 

S51: goal-box. Unconfirmed 
. Hass, Hso, Hz, are a circular set, and they belong to a confirmation fam- 
ily. Hence, by the postulate, Hsı will have induced strength. Since the 
family is well-confirmed and the diversity is great (the homologous elici- 
tors and expectanda being very different), the induced strength should be 
high. The rat should “expect” goal-box 45° to the left, even though he has 
never made such a response to get it. The important thing to see is that 
the “inference” is mediated by a somewhat complex relational fact in- 
volving both response-resemblance and a confirmation-history, rather 
than any straightforward, simple stimulus generalization or response in- 
duction. 

One may be struck by the cumbersomeness of this schematizing, but 
we have been unable to reduce it. Actually the formulation is grossly 
Over-simplified and elliptical at several points, e.g., in a reference to the 
“strength of the chain,” where variation among the several link strengths 
Would presumably make a difference. This “simple” kind of appropriate 
behavior will almost certainly require a more rather than a less compli- 
cated mediation than the present one. If the reader is inclined to react (as 
we were) by saying, “All that, to say that if a rat learns to take an ob- 
lique angle as a short-cut, he’ll try it in new situations,” that is precisely 
the point of our example. Anyone attempting a development of this “ob- 
Vious good sense” shown by the rat, reducing the number of definitions 
needed to frame a postulate and yet aiming at some reasonable approxi- 
Mation to rigor, will be convinced, we think, that we are not here strain- 
ing at a gnat. And it seems to us that, if such a postulate were to be made 
the basis for a rat’s “inference” and his resulting sz at 45°, the scien- 
tifically important components of the map-metaphor would be contained 
therein. It should be unnecessary to add that such a postulate would 
hardly be confined to the “map” case. The term response occurs in the 
Postulate without restriction, and presumably such a high-order sort of 
8eneralization effect, if postulated, would apply to social and manipula- 
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tive as well as locomotor behavior. One thinks of Harlow’s “learning sets,” 
and of Lashley’s famous monkey shifting to the other hand, or his rat 
running over the maze top “toward the goal.” 

This development may be expected to arouse criticism from non- 
expectancy theorists, and one which it is easy to make against the whole 
formulation suggested in the foregoing pages. One gets the feeling that 
too much of what we “know” at the ordinary, common-sense level is being 
put into the basic principles, Since our own bias is mainly on the non- 
expectancy side, we have had that feeling almost constantly. However, 
Tolman’s system is somehow closer to lay thought, and this in itself is 
surely no basis of rejection. Everyone would be interested in knowing 
more about intermediate steps, but what if the postulates were “correct” 
and the intermediate steps were in the central nervous system? When one 
feels the urge to request the “mediating processes” underlying an expect- 
ancy-formation or (especially) the inference postulate, he should ask 
himself: Do I require this because my S-R orientation gives me a convic- 
tion that any such gross-behavior law really involves a chain of effector- 
events mediating it? If the answer to this question is affirmative, it means 
that the postulate is not being taken as jit is offered in an expectancy 
theory. If the answer is negative, the critic must presumably be demand- 
ing a reduction to the neurophysiology. 

It is in this sense that the Tolman-Hull controversy involves a cen- 
tralism-peripheralism issue (cf. 66). In one rather trivial use of the words, 
any behavioral system is both a “centralism” and a “peripheralism.” The 
confirmation-basis is sentences about an organism’s movements, and 
movements are the data which the science is about. Hence, Tolman is a 
peripheralist, because he is a behaviorist. On the other hand, hypothetical 
constructs utilized to mediate the stimulus-response laws are universally 
assumed to have their physical locus in the animal’s brain, so that in this 
respect a Hullian is necessarily a centralist. This locus is admitted by 
psychologists who have no scientific interest in it. But we cannot agree 
with the view that the centralism-peripheralism distinction is irrelevant. 
It is not, however, to be exhibited in a difference of data language, nor in 
the theorist’s mere admission that the brain is somehow involved in the 
mediation of behavior! The difference lies in the physical locus assigned 
to certain specified events characterized by the postulates. And if a theo- 
rist makes assertions assigning such a locus, these assertions are just as 
much a part of the “real theory” as any of his other assertions. A meth- 
odological proposal has been made (e.g., 47) to define behavioral theory 
very restrictively, as by confining the content of theory to the mathemati- 
cal equations that occur in it. This is well and 
interest, but somewhat arbitrary when used as a basis of exclusion against 
all other theoretical interests. At the very least, the theoretical meaning 
of learning constructs has to be given by a certain amount of non- 


good as an expression of an 
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mathematical context—we have at least to be informed that one of Hull’s 
growth-functions refers to the change in habit strength rather than the 
growth of forelimbs. So far as the logic of science is concerned, we are 
surely not forbidden to introduce assertions of physical locus, or mem- 
bership of an occurrence in a class specifiable in the language of another 
Science, or actual identity of constructs inferred from originally un- 
related empirical studies. If a theorist asserts, say, “The physical locus 
of the event designated rg in theory T is in the periphery: that is, re is 
an effector-activity,” Kendler’s proposal seems to us tantamount to in- 
forming the theorist that this utterance is not part of his real theory. This 
is as if one were to inform the author of a genetics text that he had better 
delete all propositions identifying his statistical genetic constructs with 
certain physical loci on the visible rods called chromosomes, because this 
identification is not part of “real theory.” Isn’t this a rather arbitrary 
definition of what the theory consists of? Certainly it cannot be derived 
from any tenets of the general logical empiricism shared by all of us as 
Scientists. The plain fact is that a scientist’s theory concerning a specified 
empirical domain consists of the entire set of empirically meaningful sen- 
tences he asserts regarding it. One may not think it was clever of him to 
assert some of them; one may have little or no interest in some of them, 
Such as those which identify constructs with those of allied sciences; one 
May accept most of the theory but reject or suspend judgment regarding 
the locus- or identity-assertions. All these attitudes are available to a 
critic such as Kendler; but what is not available to him is any sort of rule 
Which will exclude from the theory some of the empirically meaningful 
Propositions found in it. Nor are we here indulging in any confusion be- 
tween Reichenbach’s two contexts of discovery and justification (75, pp. 
8-7). It is not a question of whether the personal imagery of Hull or Tol- 
man during their creative hours constitutes part of the theory. Of course 
ìt does not. But if what finally emerges is a set of significant sentences, 

€y are all part of the theory whether some of us are interested in them 
or not. 

Suppose, for example, that an inference postulate is not needed, but is 
derived as a theorem by some use of, say, re. The obvious Tolman retort 
8, “Very good. Capital. Only, I don’t believe it.” Now, just what is it the 
Tolmanite doesn’t believe? One might say that, having admitted the 
derivability of the inference postulate from postulates not of that form, 

ut which involve throughout the strengthening of S-R bonds, there is 
Nothing left to be “denied.” We cannot admit this. The rat is a physical 
Mechanism, with parts whose structure and function are the subject- 
Matter of several non-behavior sciences. There is, therefore, nothing 
Metaphysical” or “transcendent” about the question, “are the expect- 
ancies of the inference-postulates in fact mediated by chains of habits, 
1e response terms of which are effector-event-classes?” The degree of 
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confirmation of such a hypothesis by behavior studies alone cannot, per- 
haps, be very high. But this merely shows that a dogged “molar behavior- 
ist” can ask more intelligible questions than he can easily answer by 
relying wholly upon his preferred behavioral methods. One need not be 
interested in Tolman’s question; it is quite likely that such a question is 
currently not a profitable one. But neither of these is tantamount to a 
denial of its empirical meaningfulness. 

So, our Tolmanite doesn’t believe that the inference occurs via any 
such effector event as, say, re. He points to experimental data that seem 
to necessitate an inference postulate (assuming for the present discussion 
that he can do this and make it stick). The non-expectancy theorist 
grants him the postulate at the “first level” below behavior laws, but de- 
rives it as a theorem. The terms which occur in this derivation include not 
only the stimulus and response classes designated in the postulate, but 
certain other constructs such as rg. In a concrete use of the postulate 
(theorem), this means the invocation of chewing-movements, sense- 
organ-adjustments and the like. One can spend considerable time trying 
to invent experimental designs which will raise or lower the confirmation 
of such concrete applications of the “implicit response” type of construct, 
but the task is not easy. This is partly because, for all of the emphasis on 
quantification by non-expectancy theorists and especially by Hullians, 
the fractional goal response is at present almost wholly unquantified, so 
that it can be applied to almost any experimental outcome as an “out” 
with about as much abandon as Tolman can invoke attention, emphasis 
or the map’s “strip-width” when the going gets hard. There are, however, 
some designs which, if they yielded positive results would render a peri- 
pheral mediator so unlikely that a centralist would be justified in re- 
questing more direct (physiological) confirmation. 

Another complaint a neo-Tolmanite would make is the total neglect of 
“perceptual organization” in our formulation. We have spoken of the 
elicitor as what gives rise to the expectant; whereas many centralists 
would say that in so doing we had skipped over what is the first, big step 
in learning—the transition from the elicitor to some central state conse- 
quent upon proximal stimulation, the configural properties of which are 
causally antecedent to the arousal of an expectant. We have avoided some 
aspects of this problem by emphasizing (a) the class-character of the 
elicitor and (b) the unlimited possibilities for configural specification of 
the (physical) stimulus side. But we are aware that a staunch centralist 
with perceptual interests will not feel these are sufficient. This problem 
was not discussed at any length at the Dartmouth Conference, chiefly 
because of the conferees’ stronger interests in other issues. What little dis- 
cussion of the topic took place in our sessions indicated considerable dis- 
agreement among us as to the importance and even as to the meaningful- 
ness of certain perceptual distinctions. Consequently, we have nothing to 
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say here except that we are fully aware of the omission of such considera- 
tions from our formalization proposals. The interposition of another 
intervening state, say, the elicitant, would not necessarily require pro- 
found alterations in the remaining axioms. As we have chosen a quasi- 
stimulus language to characterize the expectate, so a quasi-stimulus lan- 
guage could be chosen for the elicitant’s characterization. Postulates 
would then be needed to indicate the lawful relationships assumed to hold 
between the proximal clicitor and the (central) elicitant. Even if the 
remaining axioms remained unchanged, except for the substitution of 
elicitant for elicitor in referring to the sequence Sı —> R;->S2, such 
a change would obviously have a considerable effect on the laws relating 
observables, Thus, number of exposures, even if the experimental pro- 
cedure guaranteed adequate proximal representation of the elicitor, would 
take on a new meaning in the working of the whole theoretical system. If 
genuine discontinuities in the acquisition-function for elicitants were al- 
lowed for (e.g., sudden alterations in figure-ground relationships) the 
form of many derivative laws would be radically altered. It is our belief 
that the initial efforts at confirmation of expectancy assumptions ought 
not to be complicated by the use of experimental designs rich in percep- 
tual-reorganizing possibilities. We do not think this reflects merely a bias 
for the response side, although it may in part. But there is present, re- 
Sardless of one’s bias, a peculiar asymmetry in the confirmation-relations 
of perceptual and expectancy postulates. The changes which occur in the 
animal’s perceptual field as a function of exposures to the stimulus situ- 
ation are inferred (or, constructed) from behavior-changes. Unless it is 
assumed that no quantitatively important changes are concurrently tak- 
ing place in his expectancies (of which the perception is elicitant), we 
have two processes occurring at once, and their effect on the behavior is 
Serial and cumulative. The components (Yı; Y2, - - - Ym) characterizing 
the perceptual field are related via some functions g1, g2, . . . gm to the 
Components of the stimulus side; and the behavior in turn is functionally 
dependent f (Yi, Y2, - - - Ym) upon the perceptions. In the case of human 
verbal reports made during perception experiments, we ordinarily operate 
on the plausible assumption that the values of the f-functions are very 
Near their asymptotes (i.e., saying “red” when one perceives red has been 
thoroughly overlearned in the pre-experimental history). Hence, we can 
determine the form of the g-functions by studying the relation between 
Verbal responses and the stimulus variables. But the corresponding infer- 
ence from response to perceptual field is obviously much more dangerous 
im the case of infra-human organisms. : 

The other horn of the dilemma is much less serious. As Spence has em- 
Phasized in his papers on the discontinuity controversy (93, 94, 95), we 
Ought to choose stimuli of such a nature that the g-functions are of negli- 
gible importance. We can, of course, never be sure of this either, but we 
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can usually be surer of it than we can of the expectancy (or habit) 
strengths. If an experimenter employs a goal-box, the floor and all walls 
of which are white, it is hard to doubt that the rat “perceives” its white- 
ness provided he has his eyes open. The curve of acquisition of an expect- 
ancy having this as the expectandum can then be investigated with some 
assurance, despite a possible lack of “complete psychological correlation” 
between the perception and the proximal stimulus. Once having such a 
law, we can investigate expectanda which are “perceptually” more inter- 
esting. 

If, on the other hand, we should try to confirm the expectancy-acquisi- 
tion postulates by utilizing—e.g., form discrimination—a negative result, 
or a quantitative outcome of a certain order would be contaminated in 
indeterminate ways and amounts by the well-known slowness of rats in 
making discriminations on the basis of form. If the “appropriate” be- 
havior failed to appear following a latent learning procedure, it might 
merely indicate that the rat “had barely started to distinguish the tri- 
angle as such,” and hence prove nothing as to the expectancy postulates 
proper. Such interpretive ambiguities are in principle inevitable in the 
early stages of experimentation upon multivariable systems, as we 
pointed out in our preliminary discussion of quantification. But there is 
little justification for inviting them by one’s choice of design and appara- 
tus. š 


SUMMARY AND CONCLUSIONS 


We find it hard to bring together the preceding in a summary fashion. 
In its main outlines, we have seen no reason to criticize Tolman’s ap- 
proach as a kind of behavioral theory. Like its other critics, we wonder at 
its lack of even a minimal amount of formalization over the 20 years of 
controversy and experiment. It is hard to say to what extent this infor- 
mality accounts for its viability under some very determined attacks. 
The question of its “factual adequacy” is a difficult one for this very 
reason, but we have concluded that within the limits imposed by its pre- 
dictive vagueness, it cannot be said to stand refuted by the body of ex- 
perimental evidence most clearly relevant—the latent learning studies. 
These findings seemed sufficiently encouraging to lead us to a preliminary 
attempt at formalization. The essential feature of that formalization is 
the expectancy, a cognitive unit sharing with S-R theory the explicit 
notational reference to response, but differing from S-R theory in its 
equally explicit reference to the expected consequences of responding. It 
is proposed that development of expectancy theory in this direction will 
be more fruitful than in the direction of “maps” and “perceptions” cur- 
rently favored by Tolman himself. 

At the risk of triviality, we cannot close without mentioning the con- 
tribution of the theory in generating informative experiments. Even if 
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S-R theory should turn out to be, ultimately, the “whole truth” of the 
matter, no one would deny that the form of such an S-R theory will have 
been profoundly molded by the character of the opposition and the facts 
of learning discovered because of it. In closing, we would like to remind 
the reader of the words penned by R. M. Elliott in his editorial introduc- 
tion to Purposive Behavior in Animals and Men: 


Professor Tolman’s argument may be ignored in some quarters; it will cer- 
tainly be amplified by himself and others as new and crucial research data 
come to light; it will not, I think, be radically revised, that is “disproved”; and 
lt will never be discredited, that is, shown to be either fictitious or unnecessary. 
Behaviorism of this sort has come of age (128, pp. vili-ix). 
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J Burrhus F. Skinner 
DPD KEKE 


WILLIAM S. VERPLANCK 


“A PURELY DESCRIPTIVE SYSTEM 
IS NEVER POPULAR” 


So rar as scientific method is concerned, the system set up... may be 
characterized as follows. It is positivistic. It confines itself to description rather 
than explanation. Its concepts are defined in terms of immediate observations 
and are not given local or physiological properties. A reflex is not an arc, a 
drive is not the state of a center, extinction is not the exhaustion of a physio- 
Ogical substance or state. Terms of this sort are used merely to bring together 
groups of observations, to state uniformities, and to express properties of be- 

‘ior which transcend single instances. They are not hypotheses, in the sense 
of things to be proved or disproved, but convenient representations of things 
already known. As to hypotheses, the system does not require them—at least 
In the usual sense, r , 

It is often objected that a positivistic system offers no incentive to experimen- 
tation. The hypothesis, even the bad hypothesis, is said to be justified by its 
“leet in producing research ... and it is held or implied that some such 
device is usually needed. This is an historical question about the motivation of 

uman behavior, There are doubtless many men whose curiosity about nature is 
ess than their curiosity about the accuracy of their guesses, but it may be 
Noted that science does in fact progress without the aid of this kind of ex- 
Dlanatory prophecy. Much can be claimed for the greater efficiency of the 

eseriptive system, when it is once motivated. ns , 

ranted, however, that such a system does possess the requisite moving force, 
i may still be insisted that a merely descriptive science must be lacking in 

Irection. A fact is a fact; and the positivistic system does not seem to prefer 
One to another. Hypotheses are declared to solve this problem by directing the 
Choice of facts (what directs the choice of hypotheses is not often discussed), 
and without them a distinction between the useful and the useless fact is said 
° be impossible. This is a narrow view of a descriptive science. The mere 
accumulation of uniformities is not a science at all. It is necessary to organize 


in such a way that a simple and convenient description can be given, and 
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for this purpose a structure or system is required. The exigencies of a satis- 
factory system provide all the direction in the acquisition of facts that can be 
desired. Although natural history has set the pattern for the collection of 
isolated bits of curious behavior, there is no danger that a science of behavior 
will reach that level. 

—B. F. Sxinner, The Behavior of Organisms, pp. 44-45 


I. THE SYSTEM 


In dealing with Skinner, we are concerned with a theorist who now 
espouses no theory, a systematist whose system is still developing, and a 
constructive thinker some of whose most important contributions have 
been those of a critic. 

In the course of his writings, Skinner has presented the results of a 
comprehensive experimental program, and elaborated a theory of be- 
havior based upon it. Since its publication in comprehensive form in The 
Behavior of Organisms, he has, one may infer from more recent writings, 
modified it greatly by eliminating several central concepts without sub- 
stituting others. These publications are not sufficient to enable us to 
analyze the system in its current status, so that we will restrict ourselves 
to its earlier form. 

From an examination of this theory, we may learn something of the 
reasons for its alteration, and perhaps reveal some relationships between 
the adequacy of the theory as it was stated and the procedures which 
were followed in its construction. That portions of the theory as it was 
presented in 1938 no longer find complete acceptance is not relevant to 
our purpose; much may be learned from autopsies. 

The revision of Skinner's theoretical views has not extended downward 
to his basic assumptions with respect to the nature of psychological 
theory, nor to the elementary statements of much of his data language 
and of the basic laws of behavior. The systematic position is unchanged. 
It is largely at the level at which complex concepts are introduced that 
revisions have been made. 


General Systematic Position 


Skinner sees as the problem of modern psychology the development of 
a comprehensive system, or theory of behavior (44, 57) designed to 
predict and control (and hence to explain) the ongoing activities, motor 
and verbal, of living organisms. The system must grow from the raw data 
of behavior, without bias from preconceptions based on self-observation, 
on ill-defined concepts with theological connotations and capricious 
properties, or on the limited physiological knowledge of our day. Such a 
theory must be objective, in that it must take as its subject matter inter- 
subjective events, descriptive and positivistic, in that it must be purely 
empirical, and it must refrain from elaborating mediating concepts bor- 
rowed from unrelated fields. It must be analytic, isolating significant and 
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lawful relationships between behavioral dependent and environmental in- 
dependent variables. Ultimately, it will be statable quantitatively, and 
consist in a set of empirical mathematical laws. Its vocabulary will in- 
clude terms referring to the basic data, i.e., to the analytic units which 
are teased out experimentally and their relations to one another, The 
theory will have, as Skinner states at one place, “nothing to do with the 
Presence or absence of experimental confirmation. . . . [Theories] are 
statements about organizations of facts. ... They are all statements 
about facts, and with proper operational care they need be nothing more 
than that” (57, p. 28). To speak of verifiability of theories, according 
to this view, is meaningless, since a theory will contain no statement 
which was not verified before it was placed, in conjunction with others, 
in the theory, 

The unique characteristics of the system may be found implicit in this 
Pre-systematic orientation. The emphasis on positivistic' description is 
reflected in a definite rejection of formal theory with its explicitly stated 
Postulates, axioms or hypotheses, and subsequent formal derivation of 
logical consequences which may be verified by experimental test. 

Some logicians argue that the hypothetico-deductive is the unique 
method of science. They do so on the basis of their own analysis. But that 
18 not what Skinner finds that most scientists do—they experiment on 

e basis of “intuition” or “hunch,” elaborated from daily experience in 
and out of the laboratory. They arrive inductively at general laws and 
Put these together into systems. The general laws come after the experi- 
Mental facts are in (61). The great majority do not formally postulate, 

educe, test—only the minority who have studied the logicians. There 
Reed be no formal check of a system for consistency and independence 
Of its laws, for these are empirical assertions, and need not meet the re- 
quirements, at any given time, of a logic-tight system. The Maxwells and 
the Bohrs follow the Faradays and the Rutherfords. Laws are subject to 
modification or rejection as new experimental data come in, not with 
“emonstrations of logical inadequacy. Experimental failure tells. 
he positivistic position is interpreted as one that deals with behavior 
at its own level, The lawfulness, the orderliness to be found in observation 
Ol an organism interacting with its environment is statable without 
Teference to events primarily dealt with by other sciences. To be sure, 
Physiological chemical, and physical events may uniquely correlate with 
that behavior but statements about these, however lawful, however well 
Worked out, add nothing to the basic data and laws with which the 
Psychologist must concern himself. They are interesting, to be sure, and 
certainly the psychologist will not wish to formulate laws or to develop 
Concepts which will be in any obvious conflict with those laws, but that is 


fis It is apparent that Skinner's positivism is closer to that of Mach and Pearson 
an to that of the more recent logical positivists and scientific empiricists. 
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all. The psychologist, in dealing with his subject matter, may (and 
should) keep half an eye on the contents of the physiological journals; he 
should not feel it necessary to bind his own investigations and concepts to 
information found there. Presumably a comprehensive set of physiologi- 
cal correlates of behavior may be found, but there is nothing in be- 
havioral data which renders this logically necessary or even possible. 
Psychologists, concerned with the investigation of behavior, lose time 
when they engage in physiological diversions. 

The psychologist should equally be careful to refrain from the use of 
concepts derived from his “common-sense” thinking about his own activi- 
ties, for the vernacular is deeply contaminated with older, usually 
animistic, systems and theories of the causation of behavior. The task 
of the psychologist is to relate behavior to the environment within which 
it occurs, and the laws of behavior will be reducible to statements of rela- 
tionships between the two. Although it may be convenient for the present 
to make inferences with respect to “non-behavioral” intervening con- 
cepts (e.g., drive), these should be developed only when they are com- 
pletely necessary, and they must then be assumed to be completely lawful, 
that is, never to act capriciously. They must, moreover, be stated only in 
terms of explicit behavioral operations. Formulations involving mental 
states, whether termed ideas, beliefs, or expectancies, or derived from 
colloquial verbal behavior with respect to “minds” cannot be readily 
freed, however redefined, from an element of capriciousness and subjec- 
tivity. 

Skinner’s views on other current theories of behavior may be sum- 
marized—“A science of behavior must eventually deal with behavior in 
its relation to certain manipulable variables” (61). It will not be de- 
veloped so long as theories are constituted of “explanation[s] of 
observed fact[s] which appeal to events taking place somewhere else, at 
some other level of observation, described in different terms, and meas- 
ured, if at all, in different dimensions . . .” (61). Such theories serve 
only to create a false sense of security and to produce research which is 
essentially wasteful. Skinner's positivism looks for no models, whether in 
physiology, physics, or in the social behavior of little men housed in the 
cranium. 

How can one pass from the laws derived from a restricted set of 
data to laws adequate to the whole area with which they purport to deal? 
For some theorists, there is no problem. A theory is set up to deal with & 
restricted set of data, and that alone; no attempt is made to extend the 
theory. Such miniature theories are readily exemplified. But Skinner's 
specified area of interest is all the (lawful) behavior of all organisms in 
all environment. The inductive basis of the system is limited to rather 
restricted performances of members of a few species. When formal theory 
is lacking, one may expect that a mechanism for orderly extrapolation, #8 
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distinguished from analogizing, will be absent as well. And, indeed, it is. 
A basic terminology for behavior, derived from studies of the dog and of 
the white rat, is applied to the activities of other organisms, and so too, 
are certain experimental procedures. When this terminology and these 
laws are established, and when similar variables may be identified in 
more complex instances of behavior, extrapolation follows directly. But 
the statement of precise laws, and the detailed application of high-order 
concepts must await, for Skinner, the labor of experimentation in each 
new field. Such experimentation, it is assumed, will verify the extrapola- 
tion by analogy that must serve in the interim. 

For Skinner, then, the work of the behavioral theorist is largely per- 
forming experiments, of the functional rather than the correlational type. 
Theory grows concomitantly in three explicit steps.” One must identify 
the data which are dealt with and develop a consistent terminology for 
dealing with them, state laws relating classes of data to one another, and, 
when the number and precision of laws justify it, develop high-order 
integrative concepts which summarize the laws on a broad basis. 

The implications of this position are too often overlooked. It is, in a 
Sense, nihilistic. It proposes that all the conventional modes of thought in 
Psychology, phenomenalistic, mentalistic, physiological, be rejected. It 
Insists that psychologists begin their labors over again, that they develop 
their concepts from the ground up, and base them on the characteristics 
of the data themselves, and not on the language habits and intellectual 

iases of the theoretician. Earlier data may, where they meet the criteria 
of experimental control and orderliness of result, be salvaged, but earlier 


Concepts may not. 


The Theory 
General. The system, or, as we shall see, theory, of behavior developed 
Y Skinner finds its intellectual forebears in the experimental tradition of 
e physiological investigation of the reflex, and its immediate empirical 
asis in the behavior of dogs in the Pavlovian stock, of rats (and, latterly, 
Pigeons) in the Skinner-box,3 and of humans in their use of words and in 
guessing, Tts theoretical constructs are remarkably free of the products 
of other trends in psychological thought, and the date eosin. ee ioy EA 
Ment include no maze studies, no jumping-stand discriminations—indeed, 
he work of few psychologists working outside the framework of the sys- 
em. Skinner is not interested in the experimental problems with which 
Most learning theorists concern themselves, unless they are formulated as 
he might have done. The reasons for this parochialism are perhaps many, 
but two can be recognized as most important. Many psychological ex- 
eat 


* These steps, described by Skinner in 1947 (57, pp. 34-38), parallel closely his own 


Procedure, experimental and theoretical. 
Skinner did not so name this instrument. 
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periments are unsystematic and complex, that is, they involve scattered 
values of too many parameters of behavior, with the result that the rela- 
tive control exerted by each cannot be evaluated. Second, they make use 
of measures of behavior that are considered limited in significance and 
treacherous to interpret. 

The Skinner-box, which permits precise control of the environment, 
sharply limits the variety of behavior which can be manifested, and easily 
provides measures of rate of response, was designed early (23) in the 
course of the system’s development. It proved to be especially apt for the 
determination of behavioral laws not already found in the work of Sher- 
rington (19) and Pavlov (17). The only other apparatus employed to any 
extent in the experimental phase of the program has been the activity 
wheel, used in certain studies of drive (26, 44). To be sure, Skinner has 
occasionally employed other kinds of apparatus, but these have been 
turned to the demonstration of the efficacy of the system’s concepts in 
their application to the control of behavior engineering-wise,* and not to 
scientific research. 

The system of behavior which has developed from these bases is essen- 
tially a simple one that has shown itself sensitive to the demands of new 
empirical data. The “finished” or relatively complete form of the theory 
has been fully presented in the book, The Behavior of Organisms (44).° 
The changes which have been made since that time are not generally fa- 
miliar to the psychological profession, for they are largely unpublished, 
and were not at all considered (although they were available) in a recent 
summary of learning theories (14) widely considered authoritative. The 
earlier form is that with which we are concerned, and it will be briefly 
outlined to serve as a point of departure for an analysis of behavioral 
theory construction as it is currently practiced. 

Specific treatments. The basic products of analysis of the flow of 
behavior (“what [an organism] is observed by another organism to be 
doing”) (p. 6)° in a changing environment are stimulus and response, 
defined, respectively, as “a part, or a modification of a part, of the envi- 


“And very effectively, too. Those who have observed work with animal behavior 
in different laboratories are often struck by the remarkable degree of control which 
the experimental technique of Skinner and his students enables them to exert 
over rats, pigeons, pigs and people (e.g., 2). While it may be argued that the group 
has avoided problems or situations yielding poorer control, it must be pointed out 
that many who have tried to duplicate the procedures cannot always do so until 
they have had an opportunity to observe them in action, These experimental skills 
should not be mistaken for tests of the adequacy of the theory. 

° Later references to this work will give only page citations. 

o Also, “that part of the functioning of an organism which is engaged in acting 
upon, or having commerce with the outside world” (ibid.), and “the movement of 
an organism or of its parts, in a frame of reference provided by the organism itself 
or by various external objects or fields of force . . . it is often desirable to deal 
with an effect rather than with the movement itself, as in the case of the production 
of sounds” (ibid.). 
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ronment” (p. 9) and a part of behavior. A second product of the analysis 
of the environment may also be distinguished (although it is not explicitly 
stated as such in the system). This is the class of events called operations 
(e.g., deprivation and reinforcement) : manipulations of the environment 
of the organism according to specified rules. The laws of behavior state 
orderly dependent relationships between properties of stimuli and of re- 
sponses, and of operations and of responses. Two classes of reflexes, rela- 
tionships between stimulus and response, are distinguished, according to 
the laws, static and dynamic, that pertain. 


The kind of behavior that is correlated with specific eliciting stimuli may 
be called respondent behavior, and a given correlation a respondent. . . . Such 
behavior as is not under this kind of control I shall call operant and any specific 
example an operant. . . . The term reflex will be used to include both respond- 
ent and operant even though in its original meaning it applied to respondents 
only. A single term for both is convenient because both are topographical units 
of behavior and because an operant may and usually does acquire a relation to 
prior stimulation (pp. 20-21). 

A respondent, then, regarded as a correlation of a stimulus and a response and 
an operant regarded as a functional part of behavior are defined at levels of 
Specification marked by the orderliness of dynamic [vide infra] changes (p. 40). 


Neither stimulus nor response, then, may be defined independently of 
each other and both are classes of events, whose defining properties must 
be determined by experiment. Thus the identification of stimulus, re- 
Sponse, and reflex require more than that the experimenter, on the one 
hand, present an object to the organism or otherwise produce a change 
in the environment, and that he observe, on the other, a correlated move- 
ment or act. He must demonstrate the repeatability of the observation, 
and he must also show by a series of experiments that this stimulus- 
Tesponse, or operation-response relationship behaves as do others already 
Shown to obey the laws of the respondents and operants. These usages of 
the terms “stimulus” and “response” do not correspond to those of physi- 


Ologists,8 
ae, 
. "This definition, taken with the tenth and the twelfth of the laws of behavior, 
implies that both ‘operants and respondents can be conditioned, i.e., that they are 
Ocile.” The first of these two quotations further clearly suggests, then, that all 
ehavior obeys one or the other of two sets of laws, and hence can be conditioned. 
r “The restrictions placed on the use of the terms “stimulus” and “response” in. 
Skinner’s system are often overlooked; most writers consider that Skinner’s re- 
SPonses are “acts,” ie. effects upon the environment produced by the organism 
and not the simple reproducible movements which are the reflex response of the 
Physiologists, As Simer has defined his terms, a response may be of either sort; 
it is the organism’s behavior that determines whether an “act” or a “muscle-twitch” 
38 a response. Similarly, whether stimuli are “mazes of a particular pattern,” “chairs,” 
ars,” or a “li ght of a specified wave-length, intensity, size and duration, emitted 
Y a patch of such and such size, pattern, and distance from the organism, will 
epend on the organism’s behavior, rather than the predilection of the theorist. 
€ cant terms “molar” and “molecular” cannot be applied in an intelligible way 


to this construction. 


di 
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Given this analysis of behavior and environment, Skinner has devel- 
oped a series of laws, in part restated from Sherrington’s reflex physi- 
ology, in part from Pavlovian conditioning (“conditioning of type S”), 
and the remainder derived from his own researches. It is with these latter 
that we are concerned, since Skinner has not expanded a treatment, theo- 
retical or experimental, of respondents. The system developed in The 
Behavior of Organisms, then, deals principally with operant behavior. 

Although it appears that operant behavior includes all behavior that is 
not elicited by specific stimuli, in detailed treatment only those responses 
are termed “operants” that can be brought under experimental control 
through the operation of “reinforcement” (so that their rate of occurrence 
becomes high, and changes in an orderly and predictable way as a func- 
tion of schedules of reinforcement, of “drive,” and, in some cases, of the 
presence of specific “discriminative stimuli”). They are spoken of as 
“emitted” rather than elicited since their first occurrence is neither pre- 
dictable nor controllable except to a crude approximation; that is to say, 
it is “spontaneous” (p. 20). 

The presentation of a reinforcing stimulus following the occurrence of 
an operant response is found to have two effects: first, that of increasing 
the strength of the response (as measured by its rate of occurrence), and 
secondly, of increasing the “reflex reserve,” a store of potential responses 
that may occur without further reinforcement and that show themselves 
in extinction. Thus if reinforcing stimuli are withdrawn, the animal con- 
tinues to respond, at a declining rate, “until the reserve is emptied,” at 
which time the response reaches its initial strength and is no more pre- 
dictable or controllable than it was before reinforcement was introduced. 

Two quantifiable variables, aspects of the identified response, underlie 
these concepts: the rate at which the response occurs in the situation, and 
the total number of times the response is given after reinforcement is 
withdrawn. Both are typically obtained from response curves generated 
by the organism in the Skinner-box, which show the course of changes in 
rate and total number of responses, and hence in strength and reserve, and 
whose form approximates an “envelope,” a smooth and ideal extinction 
curve. 

Skinner’s earlier laws relate these two dependent variables, through 
their set of correlated constructs, “refiex strength” and “reflex reserve,” 
to environmental variables. Additional concepts, some closely related to 
these (e.g., strength/reserve ratio, immediate reserve) and others, corre- 
lated with complexes of operations ( drive, emotion) enter. Further sets of 
operations permit the operant response to come under the control of dis- 
eriminative stimuli whose presence “set the occasion” for (p. 22) the 
emission of (n.b., they do not elicit) a response. In these terms, Skinner 
is able to handle almost all the conventional data-set problems of con- 
ditioning and learning. This treatment may be briefly stated. 
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Conditioning. The acquisition of an operant C.R. is shown by an 
increase in the rate of response following reinforcement. “A C.R. is said 
to be conditioned in the sense of being dependent for its existence or state 
upon the occurrence of a certain kind of event, having to do with the 
presentation of a reinforcing stimulus” (33). 


[It] may be identified as such by showing . . . that it did not exist until the 
Operation of reinforcement had been performed. It may also be distinguished by 
showing that through elicitation without reinforcement it is removed from 
the repertory of the organism (p. 61). “The change in strength called condition- 
Ing is distinguished . . . by the specific operation that brings it about (p. 62). 


One reinforcement (the presentation of a reinforcing stimulus) in the 
absence of complicating variables such as emotional stimuli, raises the 
(momentary) strength of the response to a maximum. As the number of 
reinforcements increases beyond one, the size of the reflex reserve in- 
creases, but the strength does not change. The reflex reserve has the “di- 
mension” of a number of responses, which will occur without reinforce- 
ment. Reinforcing stimuli, such as food and water, must be presented 
Immediately following the response if conditioning is to occur. As the 
Presentation of a reinforcing stimulus is delayed, its effectiveness in 
changing response strength and in increasing the reflex reserve is de- 
creased. 

Stimuli that regularly produce behavior that has been reinforced by 
food (23) become reinforcing stimuli themselves.® 

Extinction. As responses are made without reinforcement, the reflex 
Teserve is depleted until it is emptied. The strength of response is a func- 
tion of the size of the remaining reserve (the number of responses avail- 
able to be made after extinction is complete), so that the rate of response 
drops off gradually to its unconditioned value (“operant level”). The 
Process reverses the process of conditioning (24). It is dependent upon the 
Occurrence of the response extinguished: “Ti a chain of reflexes not ulti- 
el reinforced only the members actually elicited undergo extinction” 


quivalence ). The strength acquired by 

forcement is a function of the stimuli 

Present at the time of acquisition, and will vary as a funetion of the 
€gree of similarity of the stimuli present at the time it is emitted to 
those under which it was conditioned. The size of the reserve, however, is 
Mdependent of these stimuli. This behavioral phenomenon is called “in- 
uction.” 


Stimulus generalization (or e 
an operant response through rein 


If two parts of behavior, however different 


Res : i 
to = oe d without altering the form of func- 


Pographically, may be interchange 
d of the magazine now acquires reinforcing 
“the sound of the magazine thus becomes the 
d formula for conditioning” (23). 


Ey 
Skinner states it, “The soun 
ree .. .” (p. 53); and again, 
Teinforcing stimulus] of the secon 
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tions obtained when both may and do in fact occur, they fall into the 
same response class; i.e., they are both instances of the same response. 
Thus, a movement of either the right or left paw may constitute a “bar- 
press.” Further analysis may be left to the physiologist; this is not the 
psychologist’s immediate concern. 

Discrimination. “The strength acquired by an operant through rein- 
forcement is not independent of the stimuli affecting the organism at the 
moment, and two operants having the same form of response may be 
given widely different strengths through differential reinforcement with 
respect to such stimuli” (p. 228). 

Response decrement (not associated with fatigue). Other learning 
theorists deal with problems developing from experiments where the 
spacing of trials is varied in terms of concepts such as “reactive inhibi- 
tion.” In the Skinner-box, when rate of response is the dependent variable, 
such effects cannot occur, and correspondingly, Skinner gives no treat- 
ment of this and allied problems. 

Drive. “[Drive] presents itself simply as a class of dynamic changes in 
strength” (p. 23). Certain operations (withholding food from the animal) 
define “states” of the organism, of which the proportionality between 
response strength and reflex reserve is a function. These do not affect the 
size of the reserve. The learning-performance distinction is handled in 
terms of this ratio. It should be noted that reinforcing stimuli are most 
effective in conditioning when they are “appropriate” to the drive 
(p. 376). Thus: “Whenever we present a state of affairs which is known 
to be reinforcing at a given drive, we must suppose that conditioning 
takes place” (59), and “the reinforcing effect of a pellet of food varies 
linearly with the amount previously eaten” (38), and “the reconditioning 
effect ofa single reinforcement is a function of the drive” (p. 402). Again, 
“in a conditioned operant, the drive governing the strength is determined 
by the reinforcement” (p. 372). No theoretical account of this relation- 
ship between reinforcement and drive is given. Drive reduction theory is 
avoided as follows: “behavior that is strengthened during the heightened 
state of a drive usually leads to an operation affecting that drive” (p. 373). 

Higher mental processes. No full accounts are given of the “higher 
mental processes,” which presumably include such behavior as matching, 
choosing, and so on. It is proposed, however, that they may be fully un- 
derstood in terms of simple modes of behavior: “The data in the field of 
the higher mental processes transcend single responses or simple S-E 
relationships. But they appear to be susceptible to formulation in terms 
of the differentiation of concurrent responses, the discrimination of stim- 
uli, the establishment of various Sequences of responses, and so on. There 
seems to be no a priori reason why a complete acuourit is not possible 
without appeal to theoretical processes in other dimensional systems” 
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(61).1° Thus of choosing it is said, “choosing (like discriminating, match- 
ing, ete.) is not a particular piece of behavior. It is not a response, or an 
act with specified topography. The term characterizes a larger segment 
of behavior in relation to other variables or events” (61). 

. Such, briefly stated, is Skinner’s theory of behavior as it was outlined 
in 1938. We may note that no quantitative laws have been stated. There 
are a few equations which may have this status, one of which relates the 
number of responses made during the extinction to the time since rein- 
forcing stimuli were withdrawn (N =k log t) (p. 88). Time, it should 
be noted, is the independent variable given in almost all of Skinner's 
data; the other independent variables appear as parameters. 

Since 1938, several changes have been made in the formulations pre- 
Sented in The Behavior of Organisms. In one case, an explicit change in 
the statement of the properties of a higher-order concept (reflex reserve) 
is made (48); thereafter the concept is termed “not particularly useful” 
and presumably dropped (61). In others, new concepts and terms are 
troduced in the place of those used earlier; these are formulated with- 
Out the rigor needed to make it possible to restate the system. They are, 
however, explicit enough to indicate that certain older concepts are no 
longer advocated. Thus, “novelty” (61) of the environment displaces the 
Concepts of reflex-reserve and reflex-strength in some contexts, and the 
notion of “probability of response” (61)™ in others. i 

It may be inferred that, since the publication of The Behavior of 
Organisms, both new results and the inadequacies of the system pre- 
sented here have led Skinner to give up for the time being attempts to 
Systematize the experimental data as extensively as in that book, and to 
devote himself to the gathering of experimental data that may serve 
fo Suggest further concepts, equally positivistic, to replace or extend the 
old (61). 

Since this seems to be the case, there is little point in attempting to 
bring Skinner’s more recent work into the scope of the present critique. 


Il. A STRUCTURAL ANALYSIS OF THE SYSTEM 


The structure of Skinner’s theory, its special usages and systematic 
Conceptions prove to be determined in many respects by the pre-theoreti- 
Cal point of view of its writer. Certain difficulties in the derivation of 
Concepts, and in the relating of Jaws and primitive terms to their experi- 
Mental bases appear. Similarities in terminology often obscure gross dif- 


” Skinner uses the term “dimensions” in the sense of sets of independent and 
e > 3 ` t a given level of observation. 

Pendent variables associated together at & & à 4 i 

. "This term is not well-defined in Skinner's usage; it cannot easily be interpreted 
10 terms of its usual mathematical meaning. It might be defined as “the distribution 
Of responses in time,’ which is not very different from the previously employed rate 
of response. ý 
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ferences between this theory and some others; these exhibit themselves 
when the structure of the theory is extracted from its experimental and 
polemic context. 


Data Language 


Among behavior theorists, Skinner has been concerned most explicitly 
with the problem of the general terminology and data language of psy- 
chology, a language whose function is unequivocal communication be- 
tween individuals on the subject matter of the science, whose referents 
are the intersubjectively observable, and whose terms are the undefined 
primitives of theory. 

The data language which Skinner employs is composed of several parts. 
The first is ordinary English, that is, the vernacular, with the very im- 
portant restriction that all terms or grammatical constructions that 
imply conceptual schemes be barred. As Skinner puts it: “The sole cri- 
terion for the rejection of a popular term is the implication of a system 
or of a formulation extending beyond immediate observations” (p. 7). 
Thus, “hear,” “feel,” “try,” “need,” “in order to,” and “intention” cannot 
be included in the data language of a science of behavior, although in 
Many cases it might be possible, by a Watsonian process of translation 
or by the recently fashionable and perhaps over-worked “operational 
definition,” 12 to give these terms a sharply restricted meaning within the 
data language, and so to introduce them into it. 

Data language. In this first component, Skinner is in excellent agree- 
ment with other behavior theorists, and his usage meets all the criteria 
for an adequate data language for a science of behavior, Examples of this 


data language may be found in Chapter II, “Scope and Method,” of The 
Behavnor of Organisms, e.g.: 


and before the experiment proper begins. The rı 
silent in operation and out of reach of the r: 


The entire behavior of lifting up the forepart of the body, pressing and releas- 
ing the lever, reaching into the tray, seizing the pellet of food, withdrawing 
ao the tray, and eating the pellet is, of course, an extremely complex act (D- 
51), 


Tamno ve mentai the lever is recorded electrically as a graph of the total number 
of responses plotted against time. The required apparatus consists of a slow 
kymograph and a vertically i PE ; 5 


y an electrically operated ratchet. A step-like 
*Or, more often, operational redefinition. 
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line is obtained, the slope of which is proportional to the rate of responding. 
The speed of the kymograph and the height of the step are chosen to give a 
convenient slope at the more frequent rates of responding. In Figure 2, 
some representative slopes are given for the coordinate values used in the 
greater part of the following account. The step-like character is not shown in 
the figure. [The movement of the lever operates the recorder by closing a 
mercury switch on the other side of the panel bearing the lever. In the first 
experiments with this method a needle attached to the lever-arm dipped into 
a small cup of mercury. When the lever was moved slowly there was a tendency 
for the contact to chatter, and this was corrected by inserting into the circuit to 
the recorder a device which made it impossible for a second contact to be re- 
corded within, say, one second. It has been found that a commercial mercury 
tube switch does not require this precaution.] (Pp. 59-60.) 


Doubtful data language. A second component of Skinner’s data lan- 
guage is in quite different status. Terms that function as data terms are 
introduced into the system without definition. Theoretical concepts are 
derived from them, but not in such a way that the derivations can be 
Said to constitute implicit definition. These words do not meet one very 
Important criterion for data language. Specifically, they are not such 
that agreement upon usage can be obtained from workers in the field 
regardless of theoretical biases and which are free of any reference to 
theory (that is, to the theory for which the set of terms in question func- 
tions as data language) .!* Since these terms often appear in conjunction 
With theoretical concepts, and in the statement of quasi-empirical laws, 
they introduce serious problems to the analyst. A simple example is the 
following: 


A few special aspects of the records may be noted. The last horizontal line 
m each case might have been extended considerably to the right, for with the 
ast recorded pellet the rat ceased eating altogether. The curves, therefore, end 
abruptly, This is typical of records obtained with either procedure. An example 


gi another characteristic, which has already been oe is anor by Dmr a 
about th i : f food the rat stops eating for a s ort period an 
e fi loth mene set by the equation. The delay 


consequent: i ind the schedule 

š y falls slightly behin e € b I 

18 followed, however ow sharp acceleration, which brings the curve back to 
3 N s exceptional, the recovery curve 


its proper positi hich i: 
; osition. After the first step, W ; on Ara 
1S convex ER and remarkably uniform in its curvature. Note that its initial 


Tate is greater than that of the beginning of the main record (23). 

further statements about cumulative 
Tesponse curves, and they are used to derive several higher-order con- 
structs such as the “immediate reserve.” They include the following: 
Scallops” on the curves, “compensatory increase,” “grain,” “wave-like 
character,” “nearly maximal value,” “depressions,” and, especially, “en- 


More difficult terms appear in 


i a 
la : 
We sl the suggestion that if one were to work with 
Ski S Should perhaps entera he would find himself able to make the 


east data-language status. 
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velop.” It is impractical to assemble an exhaustive list. We shall, how- 
ever, analyze one such term in its context. 
“Envelop” is introduced in this wise: 


In Figure 8 we may inspect more easily the theoretical curves that have been 
fitted to the data. They are logarithmic and are drawn as envelops, upon the 
assumption that the deviations are depressions (p: 77). 


And again: 


A logarithmic envelop may be drawn above the curve (the broken line is 
for the equation N = K log t, where N is the number of responses at time t 
and K is a constant), although the actual contacts with the experimental curve 
are no justification for such a form in this particular case (p. 88). 

The difficulty is this: the “envelop” refers to a line drawn above em- 
pirical curves. These lines seem to have been drawn so that they touch a 
number of points on the curve where the rate of response drops off sharply 
for a time, and so that they are approximately logarithmic. When equa- 
tions are given for them, as in the example in the preceding paragraph, 
they are referred to as theoretical. Irregularities, departures from order- 
liness in empirical extinction curves are thus taken to be deviations below 
a “real” curve. Thus the term envelop is introduced into and used as part 
of the data language, drawn, perhaps, from mathematical English. It is 
not, however, used in the mathematicians’ sense, and it communicates 
little to the reader. 

This use of the term disturbs the theory-analyst, since it plays a large 
role in the “explanation” of data and in the definition of the higher-order 
constructs already menti 


velop, with its consequent ambiguities, could be avoided if the writer had 
included among his de 
“extinction curve.” If this had been done, the family of concepts based 
on the envelop would have an explicit basis. One is, in fact, forced to con- 
clude that just such a defining 


use of “envelop” but that it has been suppressed. 


i , through the chain of laws, formal defini- 
tions, and the usual paraphernalia 


linked to the data through a second seri 
of concepts to data is not unusual: 
integrate two sets of laws, 
consider it essential to a ¢ 
strable. 


In the present instance, however, the second series of reduction chains 


since the concepts are thus able to 
one might prefer them. Indeed, some would 
oncept that such explicit duality be demon- 
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are not clearly stated as such. The chain is omitted, and the theoretical 
terms are endowed with data-language status. An equivocation occurs. 
The analyst, interpreting what has been done after the presentation, may 
state that the theorist is giving the experimental symptoms of the con- 
cept introduced. Skinner, however, often writes as if he were making as- 
sertions in the data language about observable events. Examples of these 
usages which are pertinent to the present discussion include the following: 


So defined a reflex is not, of course, a theory. It is a fact. It is an analytical 
unit, which makes an investigation of behavior possible (p. 9). 

The reflex as an analytical unit is actually obtained in practice. The unit is a 
fact, and its validity, and the validity of the laws . . . do not depend upon the 
Correctness of the analytical assumptions or the possibility of a later synthesis 


of more complex behavior (p. 29). 


As we shall see later, a “reflex” is indeed a term that is formally defined, 
and is only eventually coordinated with statements in the data language. 

These words do not have data-language status, but the theorist seems 
to be stating that they do. Not everyone can identify a reflex. 

The data language employed, then, is basically sound, but it is con- 
taminated by data-language usage of two other sets of terms. Tolman, we 
shall see in the section of this book dealing with his theory, also employs 
Such a quasi-data language. The difficulties Skinner encounters in his data 
‘{nguage are quite different from Tolman’s; they come from an uncritical 
introduction into the data language of terms that cannot be successfully 
used by many others, and from a tendency to treat the names of higher- 
order concepts as if they had data-language status, that is, as if they 
referred to events directly observable and atheoretical. 


Basic Concepts and Laws 


The technique followed by Skinner in introducing the primitive terms 
of the theory is straightforward. When the embedding material is stripped 
away, his procedure is this: the primitive terms, such as “stimulus,” “re- 
SPonse,” “reflex,” “operant,” “respondent,” 


and “reflex strength” are 
implicitly defined in a set of formally stated laws. At this stage, the terms 
Nave no empirical content, and are no 


t subject to any kind of independ- 
ent definition, When the laws serving as rules for the use of the terms 
Within the system have been stated, definitions coordinating these terms 
With data-language statements, and hence asserting an empirical status 
or the laws, are explicitly given. The whole operation, then, serves to 
define the subject matter of the 


theory and to make explicit those kinds 
of events with which the system deals. Given this system, still further 
aws are stated, which have been 4 


rrived at inductively through experi- 
Mental procedures. It is necessary, 


then, to consider the status of these 
aws, and of the primitive concepts together. 
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The formal laws.1* The first twenty laws, which include five “Static 
Laws,” eight “Dynamic Laws,” and seven “Laws of Interaction,” are 
purely formal and are those that yield the definitions referred to above. 
“We are [however] in a position to demonstrate {them]” (p. 12) .15 The 
balance have the character of empirical laws, since they have been estab- 
lished independently of both the other laws and of the definitional sys- 
tem, although once stated they play a formal role as well. Each of these 
formal laws involves a statement relating a dependent variable to an 
independent variable. These variables are specified as some property of 
the terms “stimulus,” “response,” “reflex,” “strength of a reflex”; they 
are brought into relationships with one another through the medium of a 
verbal structure which has the character of data language, descriptive of 
some manipulation. The defining laws are approximations to empirical 
laws in that they are statements based upon classical experimentation on 
the spinal reflex, and the salivary conditioned reflex, They are not empiri- 
cal laws in the absence of independent definition, formal and coordinat- 
ing, of the terms that appear in their statement. 

The terms appearing in the laws are next brought into relationship 
with one another formally, in further statements: 


Such a part, or modification of a part, of the environment is traditionally 
called a stimulus and the correlated part of the behavior a response. Neither 
term may be defined as to its essential properties without the other. For the 
observed relation between them I shall use the term reflex... . Only one 


portant properties to be noted shortly (p. 9). 

A respondent [reflex], then, regarded as a correlation of a stimulus and a 
response and an operant regarded as functional part of behavior are defined 
at levels of specification marked by the orderliness of dynamic changes [i.e., 


obedience to the dynamic laws]” (p. 40). 

Tn these formal terms, full definitions within the system of “operant” 
and “respondent” behavior are achieved, as well as of “reflex strength.” 
When this self-contained system is complete, then and only then are 
coordinating definitions that relate these terms to data-language state- 
ments and that assert empirical relationships, achieved. This resolution 
proceeds in an orderly way, beginning with the word “response,” which 
is coordinated, in The Behavior of Organisms, with “pressing a bar.” 
“Reflex strength” is coordinated with the frequency of occurrence of 
closures of a bar-operated relay. “Reflex strength,” incidentally, acts as 
ne a primitive concept, and a higher-order concept, as we shall see 
ater. 

The empirical laws. Many empirical laws are formally stated; these 


* These laws are given in th 
= This is perhaps another i 
language. 


e appendix to this section, 
nstance of Skinners use of a third class of data 
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appear in the appendix of this chapter. Others are not, and their general- 
ity remains questionable. For example, consider: “it may be concluded 
from the high frequency of occurrence of the instantaneous change that 
a single reinforcement is capable of raising the strength of the operant to 
essentially a maximal value” (p. 69). The informal statement suggests 
that this is not a very important generalization; the phrase “is capable,” 
that it is a tentative statement. But the next few pages of the text give 
five reasons that account for observed failures of the law. These are 
treated in some detail. The status of this law, like that of many others, is 
doubtful, 


Basic Constructs 


Stimulus. The specification of those parts of the environment which 
are coordinated with the term “stimulus” is determined empirically. 
“Stimulus” refers to any part of the environment that is related to some 
Specified operant or respondent according to the laws of the system. Thus, 
any specifiable part of change in a part of the environment may prove to 
be identifiable as a stimulus. Doors and bars may be stimuli, lights, 

uzzers, may be stimuli, and further specification need not be given. Any 
Physical event or object, however, produced by and controlled by the 
experimenter is not a stimulus; it must be shown empirically to play a 
Tole in the lawful relationships that have been stated. . 

Stimuli are not, then, independent variables in the strict sense of the 
term, although once they have been identified they can perhaps be ma- 
nipulated as such, The result is that, within the system, stimuli cannot 

© identified or specified in advance of an investigation. They must be 
discovered in the course of it. Parts of the environment may be manipu- 
lated by an experimenter as if they were stimuli, but it falls upon the 
experimenter to demonstrate that they do indeed control the dependent 
Variable, frequency, or rate of a specified operant or magnitude or 
Strength of a specified respondent according to the laws. It may prove im- 
possible to specify stimuli verbally other than in such terms e i the bar,” 
e lower right angle of a triangle,” and even “anything red. l 
his treatment of “stimulus” is extended to human verbal behavior. 
ords are “stimuli” only if they act as such in lawful behavior. In an 
CXperiment in which abstract words were manipulated as stimuli, response 
distributions deviated from those obtained with other words, whose status 
as “stimuli” was unequivocal. In Skinner’s words, “This may mean, not 
that the relation is invalid, but that words of this sort are not properly 
© be regarded as simple units in the dynamics of verbal behavior” (42a). 

The specified independent variables of behavior—stimuli—are then, m 

fact, “chosen by the organism,” i.e., they are inferred from the organism’s 
chavior just as are Lewin’s “behavior fields.” Once identified, however, 
ley may be manipulated independently of it. In practice, it should be 
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noted that this restriction of the word stimulus is overlooked, and “stimu- 
lus” is used much as others use it. If Skinner’s experimental interest in 
“stimuli” were greater and the use of the term in describing behavior 
more rigorous, the difference might be more evident. But so far, experi- 
ments concerned with determining the defining properties of a stimulus 
class’® are seldom encountered, and the striking difference between Skin- 
ner’s concept of “stimulus” and Hull’s is submerged. 

Some remarks on “stimulus.” If one looks into the various definitions 
and usages of the word “stimulus” by psychologists, one finds at least 
four different ways in which the term is used. 

The first usage, which we shall call “Stimulus I,” places “stimulus” 
unequivocally in the data language, and corresponds closely to the verbal 
definition given by Skinner: a part, or a change in a part of environment. 
This simple definition is often amplified by the inclusion of statements 
about states or changes in states, of physical energy. In ordinary use, this 
amplification is not made, either because it is considered unnecessary or 
because it is not feasible. Stimulus I appears in the experimental learning 
literature as a data-language term (e.g., “the positive stimulus was a 
single white circle eight inches in diameter”), in psychophysiological ex- 


i “Stimulus II” corresponds with the concept of stimulus found in dic- 
tionaries of psychology, in physiology, and in textbooks. Both Harriman’s 
definition (9), “any form of energy which elicits a response,” and War- 
ren’s (64), “an energy external to a receptor, which excites the recep- 


” 


tor, 


10 Despite the exhaustive and powerful thi 
lus,” Skinner may not have completely clarifi 


ment is meaningless within the systematic treatm A I j 
places (32, 44). ent given to “stimulus” in other 
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seldom any occasion, in psychology, to speak of energy changes to which 
no known organism ever responds (and hence which appear in no law). It 
leads to a shift of stress in the specification of environmental independent 
variables to the organism. This may have rather peculiar consequences; 
for example, one becomes rather uneasy in speaking of “sub-threshold 
stimuli.” It is no wonder that this definition of stimulus, supposed by 
many to be employed by all psychologists, is more honored in the breach 
than in the observance. 

A third usage, Stimulus III, is that followed by Skinner. Here, “stimu- 
lus” refers to a class of environmental events that cannot be identified 
independently of observations of a specified activity of the organism and 
that must control that activity according to a specified set of laws. A red 
triangle of specified physical characteristics may not be termed a stimu- 
lus when it is repeatedly presented in association with food to, say, a dog, 
until the dog comes to salivate regularly in response to it according to the 
laws of behavior. Thereafter, it need be specified only insofar as it can 
be seen to control the specified behavior systematically. But if we find, 
Upon further experimentation, that any red object controls the response, 
According to precisely the same laws, and also that triangles that are not 
Ted do not, then, by this usage, the red triangle can no longer be termed 
the stimulus, and something else, presumably “anything red,” is the stim- 
ulus, And so, although we may empirically identify manipulable objects 
and events that we may call stimuli, we do this on the basis of a construct, 
M Skinner’s case, the reflex—and the term stimulus is stripped of all data- 
language status. It is a quasi-independent variable, and when the term 
1s used rigorously must be carefully stated as a stimulus-for-knee-jerk, 
stimulus-for-bar-press, and so on. A parallel concept of stimulation, the 
“releaser” ig found in the work of the ethological school of students of in- 
Stinetive behavior (62). 

The fourth common usage of the term in psychology corresponds to the 
Second usage, with the very important modification that hypothetical or 
inferential classes of physical events (usually intraorganismic) are also 
referred to as stimuli. This important extension of the concept “stimulus” 
18 based upon physiological laws. Given these laws, and the observation 
Of some of the events the physiological laws describe, the occurrence of 
8Ppropriate stimuli is assumed. Stimulus IV, then, refers to purely hypo- 
thetical events, inferred from the behavior of the organism, much as 

kinner’s “gtimolust is a logical construct derived from the observation 
of orderly behavior. Thus, Guthrie (8) speaks of “movement-produced- 
stimuli,” and Miller (16) of “response-produced-stimuli.” There is a dif- 
ference between these two, however, since Guthrie uses the word indiffer- 
ently and Miller seems to restrict himself to the use of stimulus for the 


YPothetical concept, and to use the word “cue” for what we have termed 
timulus I, 
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In neither of these last two usages, however, can the word “stimulus” 
be considered as referring to an experimentally manipulable environmen- 
tal variable. 

It is unfortunate that a single term is employed for such different con- 
cepts; theoretical difficulties will necessarily ensue, as they have for 
Skinner. By his indifferent use of the term—data-language-wise, and 
construct-wise, he produces a store of future difficulties for the system, al- 
though they are not immediately apparent in The Behavior of Organisms 
itself. In this work both usages I and III of the term are applied to the 
same environmental events, and the inconsistency seldom becomes appar- 
ent. In large part the superficial success of the ambiguity is an artifact 
of the particular experimental problems with which Skinner has con- 
cerned himself, and with his lack of interest in the stimulus control of 
behavior as such. If he had studied problems such as transposition in dis- 
crimination learning, the equivocation would quickly be evident!” and 
perhaps a solution found. 

In Skinner's system, then, the term stimulus does not refer to an en- 
tirely independent variable of behavior. Stimuli are not identifiable, 
except on the basis of the organism’s behavior; they are not manipula- 
ble,!8 except by inference through the laws of the reflex. 

This use of a term ordinarily employed in referring to the classical 
independent variable of behavior is a significant one. The restricted range 
of experiments on which the theory is based, and the extreme positivistic 
point of view both seem to have facilitated the easy intrusion of an equiv- 
ocation and the evasion of its consequences, experimental and theo- 
retical. The difficulty suggests, for all learning theorists, the need for a 
en that will not permit such an ambiguity to arise in the first 
place. 

Such inference-backward to quasi-independent variables in behavior 
seems to be characteristic of the work of many behavior theorists. 
Guthrie, we have noted, speaks of “movement-produced-stimuli,” Lewin 
of behavior fields and forces, and others of perceptions. Quasi-variables 
are almost characteristic of psychological theory. It is not impertinent to 
ask whether, since this is so regularly the case, it will ever be possible 
to develop a science of behavior in which laws relating data-language- 

Tn Skinner’s most recent publication (61) the difficulty does arise. In this, a2 
aceount of the shape of the extinction curve obtained under specified conditions is 
given in terms of “novelty”—presumably alterations in the stimulus field which 


affect the organism during extinction, But the physical environment is not varied iD 
these experiments, 


* Skinner is not entirely clear on 
can be manipulated except in the se 
In the latter sense, they are indeed i 
ing associated with changes in, say, 
tive stimulus could force the conclusi: 


Nee 4 on that the loud buz imulus. In 
this sense, stimuli are not manipulab zer was not a stimul 
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stimuli to data-language-responses can be found. Is it necessarily the case 
that “stimuli” become response-inferred concepts, bearing no necessary 
relationship to what is put in front of the organism? 

One possible solution to this problem can be found in psychophysics. 
In dealing with the response to electromagnetic radiation, a parallel prob- 
lem was encountered. The solution achieved required considerable experi- 
mental work, and was not easily arrived at. But by the introduction of a 
hypothetical construct—‘“retinal sensitivity to wave length” on the basis 
of empirical functions (the visibility curves), which were systematically 
related, on the one hand to the physical dimensions of the stimulus, and 
on the other to a simple response—a system has been constructed which 
provides for the rescaling of physical energies for convenient prediction of 
response, such that the manipulation of electromagnetic energy as a rela- 
tively simple independent variable, and the elaboration of laws relating 
various values of this variable to behavior become possible. 

Few behavior psychologists have recognized the existence of this prob- 
lem, and where they have (as Tolman may have, 63), the labors of de- 
veloping the necessary constructs have perhaps led them to hold in abey- 
ance work on this critical problem. f : . 

Response. The term response presents analogous difficulties, which 
remain unresolved within the theory. It is used indifferently in referring to 
a broad concept, the class of responses that produce the cumulative 
curves, which is “generically” defined (32), and to the single observed 
event, In the latter instance the term is used as if it were part of the data 
language. Operant responses are typically defined in terms of the “re- 
SPonse,” and yet it is possible, it appears, to refer to “two operants with 


e same form of response,” (the 23d law, page 313 of this article, even 
distinguished on the basis of differences 


The testability of the laws of behavior. It is clear from the foregoing 
stimuli or reflexes, 


terms of the theory to the 


laws of behavior. If it does not, then 
ere not “responses” and 
aws of behavior are exhibited as un- 


Serve, in empirical application, to 
an organism, those parts of his en 
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else that the organism is observed to do is presumably not behavior, for 
it is asserted that operants and respondents together include all behavior. 
To test the empirical content of this last statement is difficult. It is not 
at all impossible, or improbable, that much of what others call behavior 
may lie quite outside Skinner’s system. This is especially interesting when 
we consider the concept “reinforcement.” If a change in behavior which 
acts like conditioning can be shown to occur without the administration 
of “reinforcing stimuli,” then it simply does not fall within the scope of 
Skinner’s system. “Reinforcing stimuli” might have to be hypothesized if 
this were the case, even though they were unobservable. They might be 
termed “unidentifiable,” or “unspecifiable,” as is the case with the stimu- 
lus components presumed for operant reflexes before they are conditioned. 

This state of affairs does not lead to difficulties as serious as it might, 
since in practice the defining laws can be restated if they prove to exclude 
too much of an organism’s activities from consideration. In effect, they 
can be treated as if they were verifiable. 

The “operant-respondent” distinction. The system, it will be remem- 
bered, distinguishes between two broad classes of reflexes, “respondent” 
and “operant,” which are distinguished on the basis of the reflex laws 
which each follows. Respondents are defined as those reflexes which obey 
the “static” laws of the reflex; operants are those that do not. 

Respondent behavior includes all responses elicited by stimuli. Operant 
behavior is “spontaneous,” in that its “originating forces .. . are not 
located in the environment. . . . It might be said to be emitted” (p. 20) -1° 
“An operant is an identifiable part of behavior of which it may be said, not 
that no stimulus can be found that will elicit it (there may be a respond- 
ent the response of which has the same topography), but that no corre- 
lated stimulus can be detected upon occasions when it is observed to 
occur” (p. 21). The application of the term reflex to both “operant” and 


“respondent” behavior necessarily ensues from the preliminary formal 
development of the reflex concept. 


[But] the term reflex 
though in its original 
both is convenient bec 
an operant ma: 
20-21). 


[is] used to include both respondent and operant even 
meaning it applied to respondent only. A single term for 
ause both are topographical units of behavior and because 
y and usually does acquire a relation to prior stimulation (pP- 


Respondent behavior varies as a function of stimulus intensity; operant 
does not. Operant behavior varies as a function of driv 
respondent behavior, in most cases, 
and duration of respondents are si 


e manipulation; 
does not. The latencies, magnitudes, 
gnificant dependent variables; only 


* At a later date, and in other treatments, these are indeed located in the environ- 
ment but are considered unidentifiable or unspecifiable. 
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rate of response and total number of responses in extinction are legitimate 
measures of operant behavior. These differences follow from the differing 
sets of laws?° entering into their definitions. No attempt is made to reduce 
this differentiation experimentally. On the contrary, there is an insistence 
on maintaining it. Although many experiments (e.g., 7) have shown that 
behavior which Skinner terms “operant” obeys the same laws as the static 
laws which define “respondents” when the appropriate experimental con- 
ditions (control of presentation of the stimuli, discrete trials, and so 
forth) are introduced, these are rejected because measures deemed inap- 
propriate to operant behavior are introduced. Such experiments define 
their observables outside Skinner’s system. For reasons that are not clear 
to many psychologists concerned with learning theories, only “rate of re- 
Sponse” is an acceptable measure of behavior. 

The independent and dependent variables of the system. At the con- 
ceptual level the primary independent variables are stimuli, and the 
dependent variables responses, or properties of them. But this is only as 
it seems. In practice, and indeed in theory, the independent variables are 
quite otherwise, Consider the case of operant behavior. 

The dependent variables measured in operant behavior are two. The 

tst is rate of response, and the second is cumulative number of responses. 
Both of these measures of behavior are directly related to theoretical 
Concepts: strength and reflex reserve, respectively. Both are significant 
only after the “response” has been quantitatively defined. Typically, both 
are measured by the use of the cumulative response curves obtained from 

€ operation of the Skinner-box. The whole curve is often reproduced, 
and numerical values are not taken from the records. 

The independent variables are more complex and ) 
Tetical problems. Presumably the basic independent variables of behavior 
are stimuli, But we have already seen that, as Skinner develops this con- 
Cept, stimuli are not independently specifiable, as independent variables 
Ordinarily are, nor do they appear in the experimental procedures of the 
Program as independent variables. Rather, stimuli (together with time 
and the animal’s behavior) appear in the specification of operations, and 
ìt is these operations that act as the independent variables of the system. 

ut even operations do not appear very often as independent variables in 
eXperimental work. They are the experimental parameters of particular 
©xperiments, and the actual independent variable is time: time in the box, 
<me since beginning of extinction, and so on. In a given experiment noth- 
ing is varied, but time passes with the stated operations remaining con- 
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Taken as a parameter of an experiment (and hence, after rearrange- 
ment of the data treated as an independent variable), an operation may 
lead to theoretical and practical difficulties. 

Consider the most important of the operations, reinforcement: “the 
presentation of a certain kind of stimulus in a temporal relation with 
either a stimulus or a response” (p. 62). For operants, the “certain kind 
of stimulus,” or “reinforcing stimulus,” is any that has been shown, ex- 
perimentally, to produce an increase in the strength of a response that it 
has followed at some time in the past. When a stimulus has been shown 
to have this property under a given drive, it is henceforth referred to as 
reinforcing. It is not the reinforcing stimulus?! that causes trouble, but 
the “temporal relation with... a response,” into which it may enter. 
The experimenter may manipulate the interval between response and 
reinforcement. He may select the number of unreinforced responses pre- 
ceding a reinforced one (fixed-ratio). He may reinforce a response, on the 
average, every thirty seconds (a periodic reinforcement). But in all these 
cases, it is the responding animal that determines the delivery of the rein- 
forcement, and hence that determines the values of many temporal para- 
meters of reinforcement. In a very literal sense, the independent variables 
of Skinner’s system are under the direct control of the subject of the ex- 
periment, and not of the experimenter? Much the same difficulties, of 
course, can arise in other treatments of behavior. 

This ambiguity of experimental control serves to reveal new and or- 
derly phenomena of behavior. That all these phenomena will lend them- 
selves easily to quantitative theoretical treatment is questioned, since it 
does not seem possible to specify accurately all the experimental condi- 
tions under which they appear. What is perhaps a more serious difficulty 
is that this self-imposed limitation on experimental control and the re- 
striction of measurement to rates of response and to total numbers of 
responses given over stated periods of time automatically prevent those 
working within the system from finding certain behavioral effects. These 
effects occur when the temporal interval between successive presentations 
of given environmental changes (either “discriminative” or “reinforcing” 
stimuli) is varied. They have led to Hull’s concept of “reactive inhibi- 
tion,” among many others. Although such laws do have a place in re- 
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spondent behavior, they cannot be found in operant behavior by the 
methods described in The Behavior of Organisms. 

_ Higher-order constructs and relations among them. Tastes differ con- 
siderably in the specification of higher-order concepts. Variables related 
m a central construct by some differ from those related by others. From 
time to time, a particular theorist rearranges his order, seeking simpler 
and more effective schemata. 

There are many constructs in Skinner’s system. They differ widely in 
the empirical laws that they relate to one another, in the rigor of their 
definition and treatment, and in the range of data that they integrate. it 
18 neither possible, nor necessary, to treat with all of them exhaustively, 
to track down each usage to which each construct is put, or indeed, to 
Specify all of them. Our present purpose, critical evaluation, can be ade- 
quately served by indicating, with some examples, the procedures fol- 
lowed in the formulation of several of Skinner’s higher-order constructs. 

Skinner’s system incorporates two identifiable types of construct. The 


first type includes such concepts as “reflex strength,” “reflex reserve,” and 


“immediate reserve.” The first two of these are in part defined explicitly 
ed in a series of state- 


in the laws of the reflex; their definition is extend 

Ments that may be found largely in the opening chapters of The Behavior 
Of Organisms. All three are constructs that relate in a complex way the 
dependent variables of behavior (latency, rate and magnitude of response 
Or respondents, and rate of response and number of responses to extine- 
tion for operants) as a function of independent variables (number of Te- 
Mforcements and number of elicitations for respondents, and preceding 
rate and number of responses for operants). Although, as we have already 
Noted, these are clearly constructs that integrate empirical laws, they are 
Considered by Skinner to be “very near to being directly treated experi- 
mentally” (p. 26). They are treated as if they were basics of the system 
and not conceptualizations pulling together many properties of behavior 


Not direct] 
y observable. ; 
. The second class of constructs includes those that relate various opera- 
‘ons to changes in reflex strength, reflex reserve, and other members of 
© first class, They include “drive” and “emotion.” — 
eflex strength. vik term is most interesting analytically. Indeed, one 


erm refe : mate nt concepts, one for respondents, and the 
Other it ts two ls SEO flex strength is understood to “describe 


e st 5 aE i t to all its static properties [i.e., with 
en eee ‘ . . The value of the strength of a 
eflex ig arbitrarily assigned to it from the values of the static properties 

is never Daed directly. - - - [It] is not to be confused with the 
Magnitude of the response” (p- 15). This concept is an intervening vari- 


i ions, and measured in terms 
©, defined in terms of a number of operations, 
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of a number of measures of response. In practice, no attempt is made to 
develop the concept of respondent reflex strength beyond these state- 
ments. . as 

Operant strength is defined otherwise. Since the operant is distin- 
guished on the basis, among other things, of the failure of the static laws 
to apply, the former definition cannot be applied. We find that operant 
strength is defined as “proportional to its [a response’s] frequency of oc- 
currence” (p. 21), and that “the dynamic laws describe the changes in the 
rate of occurrence that are brought about by various operations per- 
formed upon the organism” (p. 21). Thus where respondent strength 
is quite clearly given the status of a higher-order construct, operant 
strength is at once directly coordinated with the primary dependent vari- 
able of the experimental program, although, at the same time, it is treated 
as an intervening state variable in relationship to the concept of “reflex 
reserve.” 

Reflex reserve, We have already indicated that this concept is a con- 
struct, which is occasionally spoken of as if it were a data-language term. 
Its hypothetical status is clear. It is defined as “available activity, which 
is exhausted during the process of repeated elicitation of which the 
strength of the reflex is at any moment a function” (p. 26). For respond- 
ents, the reflex reserve is assigned the property of constantly being re- 
stored spontaneously when it is not already at maximum. It is, then, 
related to the experimental facts of recovery from fatigue and adaptation 
for the respondent. 

For the operant, the reserve is defined in direct relationship to the pre- 


viously defined concept of strength, and also to the total number of re- 
sponses given in extinction. Thus: 


The immediate reserve is a subordinate concept, w 
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Tate in the absence of interruption. The process is catenary. The rate is pro- 
portional to the immediate reserve, which is contributed to from the total 
reserve. When elicitation is continuous, the total reserve controls the process. 
When elicitation is interrupted, the immediate reserve is built up; and a period 
of increased activity is made possible when responding is resumed, until the 
total reserve again becomes the controlling factor. The period of time during 
which responding may be suspended without making the original envelop inac- 
cessible will depend upon the size of the immediate reserve (p. 85). 
The “immediate reserve” is inferred from the phenomena of spontaneous 
Tecovery and from sets of data where a “depression” is followed by “com- 
Pensation.” It is nowhere related systematically to another concept, based 
Upon the opposite effect—where a high rate of response is followed by a 
low rate—which is called “strain on the reflex reserve.” ?3 
The concept of “strain on the reserve” is not developed, experimentally 
Or otherwise, although a set of statements such as the following may be 
assembled: “, . . we may assume that the effect of the accumulation of 
PR is to strain the reserve by bringing out responses which under normal 
discriminative stimulation would have remained within the reserve for 
Some time” (p, 296) and “the recovery of the reserve from the strain im- 
Posed by the preceding run of responses” (p. 293). An attempt to tease 
Out a set of rigorously stated relationships among these concepts meets 
With little suecess. Suffice it to say that both “immediate reserve” and 
‘strain” are derived from the “envelop,” and hence from the suppressed 
Postulate with respect to the form of the extinction curve which has been 
Mentioned already. Both are used in the a posteriori explanation of results, 
Ut neither is formulated so that it can be manipulated directly or through 
Control of the environment. They suggest that some kind of a model is 
Involved, : 
7 Drive. Skinner’s concept of drive is perhaps one of the best specified and 
Purest” examples of what have been termed “intervening variables” that 
can be found in psychological theory. It is defined in terms of sets of 
Operations and of response changes. For the drive “hunger, the opera- 
ions relate to various procedures involving food deprivation, and the 
response changes are alteration in the rate of occurrence of a variety of 


response (those that have to do with the ingestion of food). Drive is also 
Telated to the concept of the reflex reserve: the 


*eserve/strength ratio is a function of drive strength. Similarly drive is 
Telated to the effectiveness of certain stimuli in reinforcing behavior. If 
ood is reinforcing, then the animal is hungry. If an animal can become 
conditioned and TOE extinction with the use of water as a reinforcing 
Stimulus after a period of water deprivation, then it may be stated that 

inst is a drive [a2]. The technique followed in conceptually developing 
à state variable in terms of a set of antecedent inducing operations, an 
ae 


, through a series of laws, 
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= This concept may be related by some analysts to “reactive inhibition. 
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a correlated set of related consequences is impeccable. But it is not quan- 
titative. 

Emotion. Emotion is also given the status of a concept of the “inter- 
vening variable” class, analogous to drive in that it must be defined in 
terms of a set of operations and correlated changes in reflex strength. 
“The important thing is the recognition of a change in strength as 4 
primary datum and the determination of the functional relationship be- 
tween the strength and some operation” (p. 409). The operations, in the 
case of emotion, remain only vaguely specified. One seems to be the with- 
holding of reinforcing stimuli (extinction), and the other the presentation 
of emotional stimuli, which are not independently defined. Unfortunately, 
the concept of emotion appears frequently in the role of a deus ex 
machina, in that it is used to account for changes in strength which are 
observed when the conceptual system, taken with the experimental pro- 
cedures, would otherwise lead to the expectation (but not prediction) that 
no change in strength would occur. Thus “when the lever has not been 
present prior to the day of conditioning, its movement may have an emo- 
tional effect, one result of which is a depression in rate” (p. 70). 

A final set of higher-order constructs that has not been extensively 
treated includes those relating to human behavior. These represent analy- 
ses, followed by redefinition in the terminology of the system, of terms 
used commonly in the description of behavior. In most instances, the ef- 
fect of this redefinition is to sharpen the content of the concept consider- 
ably. An example is this: “A simple way to state the fact of perseveration 
is in terms of the covariation in strength of groups of related responses” 
(40). Again, “Anticipation must be defined as a reaction to a current 
stimulus S, which arises from the fact that Sı has in the past been fol- 
lowed by Sz, where the reaction is not necessarily that which was origi- 
nally made to S,” (6). “Guessing is a special kind of (usually verbal) 
behavior in which two or more responses are about equally likely to be 
emitted” (51). Not very much has been done with such concepts, either in 
the direction of redefining the whole vocabulary of psychology, or of pur- 
suing the experimental and theoretical implications of the redefinitions 
proposed. 

Unelassifiable concepts. A few concepts employed in the system are 
not easily analyzed from the viewpoint of theory construction. Each is 
used in explanation. Two, at least, bear names that suggest that they at¢ 
related to the laws of the reflex and hence that they represent no more 
than the application of these laws to the explanation of behavior. Whe? 
the statement of the laws is examined, however, this hypothesis proves to 
be untenable. Another is unrelated to anything else in the system; it 
seems a purely ad hoc explanatory device. 

An example of the first sort is “adaptation.” In some contexts the te™™ 
is used as might be expected. In others, it is applied where the strength © 
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an operant fails to reach its maximum after one reinforcement. Thus one 
reads that such failure may occur because “. . . administration of any 
stimulus to which adaptation has not taken place will normally depress 
the rate of eating” (24). This depression in rate is elsewhere referred to as 
an “emotional effect” (pp. 70, 80). Unfortunately, adaptation is undefined 
| with respect to the concept of emotion. 
| A more interesting case is this: In the course of his writings, Skinner 
has developed a powerful case against a concept of “inhibition” (ef. p. 290 
above), All instances where such a process is inferred by others are shown 
to fit descriptively into a system that uses no such concept. In one experi- 
ment (42), however, benzedrine was shown to have the effect predicted by 
inhibition theorists. The concept of “total energy-output” was then intro- 
duced to account for the data. This concept finally appears as a “state of 
Seneral excitability in which a response characteristic of the situation is 
emitted at a high rate” (p. 415). It is otherwise undefined, and is used 
only with reference to the one experiment. 
Of the principal higher-order constructs of the system, then, some are 
defined in terms of the laws, and sometimes are given the status of being 
directly observable.” Some are conceptually undeveloped and are intro- 
duced unsystematically on the basis of independent definition (envelop) 
Or of as yet unspecified operations (emotions). A final one, drive, is 
clearly defined, and is employed in explanation in a way quite in accord 


With its definition. 


General Remarks 


Our analysis has been made, j 
ory in fairly general terms. First, it is a ) : 
.'Malized, theory. Its formal structure, so far as it goes, contrasts with 


s“ on A 5 intive,” “non- ional” inten- 
empirical,” “inductive,” “descriptive,” “non-postulatio e 


tions, Rather than being a set of empirical laws embodying statements 
at represent inductive generalizations based on a set of terms initially 
def ned in a data language, it is a set of formally defined terms, and de- 


ning laws, which are only coordinated with data-language statements 
after they have been fully stated. Stimuli and responses cannot be iden- 
tifieq independently of the theory; they are defined by the theory for the 
cory, Similarly, the central variable of the system, bore which the e 
Perimental program has been preoccupied, the operation reinforcement, 
rather than being inductively achieved as & central principle for the 
°Xplanation of behavior, turns out to be a principle that serves, with some 
ers, to define the AEN with which the theory deals. The actual pi 
Sn variables of the system are different both from those of other 
ems and fr ted for the system. l 
ne interesting ep ais procedure, with its expository ogee 
Piticism and its structural stress on formality, is that despite very 
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great differences in the meanings of many terms used in the theory from 
meanings of the same terms as used by other people, very few psycholo- 
gists seem to be aware of the divergence. In fact, most SR psychologists, 
if not students of learning in general, find its tenets familiar, and cus- 
tomarily employ many of its data-language usages. This is doubtless @ 
tribute to the broad empirical program associated with the system and 
suggests that most behavior can indeed be successfully classified as oper- 
ant or respondent. In practice, the terms seem theoretically neutral, and 
not only Skinner, but such divergent theorists and experimentalists as 
Schiller (18) and Graham (7) can refer to “operant responses” without 
introducing possible confusion or indicating the kind of theory they are 
suggesting. Indeed, an examination of recent publication reveals that 
Skinner’s data language and primitive concepts are in practice almost 
identical with those used by experimental followers of Tolman, Hull, and 
Spence, even though these men do not seem to have sought explicitly to 
develop or use a single data language. The careful empiricism of the 
coordinating definitions must account for these agreements on usage mM 
the face of very real differences in the underlying concepts. 


II. GENERAL METHODOLOGICAL SUMMARY 


On the basis of a survey of the mode in which Skinner’s systematic 
treatment of behavior works out in practice and of a careful analysis of 
such explicit statements as may be found, it is possible to examine the 
position taken by Skinner on certain broad methodological issues that 
have become generally accepted as critical, if not crucial, in the evalua- 


tion of such systems and to indicate how the position is reflected in the 
structure of the theory. 


Quantification 


The system of behavior expounded by Skinner in The Behavior of 
Organisms is explicitly a quantitative one. It has been developed with 
the intent of deriving empirical quantitative laws, presumably state 
mathematically; the basic experimental procedures encountered a'e 
selected so as to yield physically quantifiable measures of behavior. Both 
the dependent and independent variables of behavior are defined in terms 


= should render easy the ultimate development of a fully quantitativ® 
system. 


Yet in practice, in the actual 
cation, i.e., measurement, the a: 
The data presented are. į 
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little or no role in the procedure by which general propositions are de- 
rived from the data. In practice Skinner is satisfied with statements of 
the type “more than,” “equal to,” and “less than.” He is more interested 
In statements of the sort “The retardation has been greatly reduced by 
the procedure. . . .” than in statements such as “Operation X reduces 
Tate of response from 20 per minute at t = 0, to 5 per minute at t = 10 
minutes.” In graph after graph, the independent variable is specified as 
time in minutes,” “daily period,” or “days,” with no numerical scale. 
The intent toward quantification is not everywhere reflected in action. 
Much the same gap between intent and execution is encountered in the 
Statement of quantitative laws. On the one hand, it is possible to find 
Verbal laws stated precisely enough to permit their translation into 
Straightforward and unequivocal mathematical terms, but the statement 
18 not made. On the other hand, quantitative laws are sometimes stated 
fin some contexts referred to as “empirical” (p. 189), and in others as 
theoretical” (p. 88)] as relating variables within the system, when 
analysis shows that the mathematical statements are not in accord with 
© observations they are intended to describe. 
The most interesting example of verbal laws stated in such a way that 
ey may be translated into mathematical terms is found in the series 
of Statements relating to extinction curves and the reflex reserve collected 


Y Ellson (5), Ellson summarized these statements in the equation 


0 r=RA-e%) 

he asymptotic number 
reserve), t is the time 
onstant. Although this 
Ellson states: 


on r is the number of responses at time t, Rist 
= Tesponses (which has been defined as the refez 
a the first response in extinction, and c is a c 

Wation does not itself appear in Skinner’s writings, 
ner to plot his theoretical curves; it 


This is i 
Skin : aie 
ìs apparently the form used by Ski hich, he presents graphically within 


thennitted the duplication of the curves W. 
mits of error of measurement. 
In any event, this expression may be directly derived from explicit state- 
Ments with respect to the proportionality obtaining between the magni- 
ude of the reflex reserve, and the rate of response at any time. Experi- 
mental tests of this tunelio led Ellson to conclude that the concept of 
Sk: Teflex reserve required rather drastic modification (a view which 
Skinner later adopted on the basis of his own experimental wone) the 
unction did not fit any large set of data. The empirical concept, “reflex 
eserye,” proved to be not empirical, but theoretical. E 

he second type of difficulty with the statement of quantitative laws 
18 found in another law (p. 88) which describes the relationship of the 
Umber of responses to ihe ume since the beginning of the extinction 


Op . 
“tation, This is of the form 


298 MODERN LEARNING THEORY 
(2) N=k log t, 


where N is the number of responses in extinction (the reserve), ¢ the 
time since the beginning of extinction, and k a constant. This function, of 
course, does not reach an asymptote, and N will increase logarithmically 
with ¢ throughout the animal’s life in the Skinner-box, a result which is 
an implication contrary to the verbal statement of the concept of the 
reflex reserve and is unsupported by data. Again, the function describing 
“the rate at which a white rat eats a daily ration of a standard food” 
(20, 22), 
(3) N = kt 


where N is the amount of food eaten in unit time, ¢ is the time since the 
beginning of eating, and n and k are empirical constants, is not well 
adapted to describing the cyclical free-eating behavior of the rat and is 
especially incompatible with the phenomenon of satiation. 

Skinner is quite explicit, however, in giving the reasons for his rather 


casual treatment of quantification. Two quotations will seem to clarify 
this: 


The need for quantification in the study of behavior is fairly widely under- 
stood, but it has frequently led to a sort of opportunism. The experimenter 
takes his measures where he can find them and is satisfied if they are quanti- 
tative, even if they are trivial or irrelevant (p. 58). ... there are many 
relevant variables, and until their importance has been experimentally deter- 
mined, an equation that allows for them will have so many arbitrary constants 
a ae fit will be a matter of course and a cause for very little satisfac- 
ion ; 


And elsewhere, the science of behavior is characterized as not ready for 


formal representations of the data reduced to a minimal number of terms (61): 


Other theorists have argued, of course, that quantification serves quite 
different purposes from those implicit in Skinner’s statements—e.g., that 
it makes it possible to test the adequacy of gencral laws that have bee? 
stated verbally, and hence that it facilitates the progressive growth 0 
both experimental data and theoretical constructions based on them- 
Ellson’s analysis is an interesting case in point, for the failure of the 
reserve concept exhibited by him foreshadows Skinner’s own rejection ° 
it, on much the same grounds, but at a later date. The rigorous stateme? 
of the reserve in quantitative terms exhibited its emptiness. 

There is another role in which numbers may appear in a science. 


Statistics is a class of mathematics that may play a role in a theoreti- 
cal system, and it represents a type of quantification that Skinner reject* 
He is willing (pp. 442-443) that the system be termed “statistical,” if 
statistical we mean correlational, and if by correlational we mean he 
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explication of relations between dependent and independent variables.2+ 
He distinguishes, however, two other usages of the term. One relates to 
the number of measurements made. It is assumed by some experimenters 
that only through the use of large numbers can smooth and orderly 
functions be obtained. The other concerns the relatively imprecise and 
unrefined measures obtained in some classes of experiment where statis- 
ties is emphasized. In these senses, the system is characterized as not a 
Statistical one, and indeed it is not. 

There are two other usages of “statistical” that we might examine. One 
relates to the use of probability theory models for the development of a 
theory of behavior. No such model appears in our basic reference, 
although more recent publications suggest that future formulations will 
rely in part upon some such formulation. The exact use to which the con- 
cept “probability” will be put remains unclear. 

he last usage of the term which must be examined is perhaps the 
Most common. Statistics is a field of mathematics which has provided 
Many of the sciences with a method of relating conclusions, general 
Statements and laws, to the data on which they are based. It embodies 
‘rules of inference” which permit one to state whether the changing 
Values of supposed independent variables do indeed relate to changing 
Values of a supposed dependent variable. In the sense that a system or 
Set of data is “statistical” if these rules of inference are used, the present 
System is not a statistical one. Small groups of animals are used, and 
orderly results are obtained. But it is left to the reader’s discretion 
Whether he is to agree with the interpretations given and conclusions 
drawn, He is offered no statistical props, no mean values, no indices of 
Variability, or tests of significance to lean upon.” The argument is every- 
Where based upon the smooth and reproducible data presented. Statistics, 
ike other forms of mathematics, is never employed for the verification 
° generalizations. i 
€asons for this failure to use statistics in the manner typical of psy- 
Chologists are given. With adequate experimental techniques, and proper 
Measures of behavior, statistical procedures are obviated $ exact rather 
an statistical laws, exact rather than approximate predictions, may be 
made of the behavior of individuals rather than populations of them. 
© may summarize Skinner's treatment of the problem of quantifica- 


tion in the following way: the system accepts implicitly the desirability 
a 
u ae « «onal? 
El 8 his views towards the “correlational” ap- 
Sewhere (57) Skinner pape pt S esans that it ponent the NORT br 
uished from experimental. : 
n : ; : ives conclusions based on four groups o 
three especially interesting case (37) mE variability, are given, although conclu- 
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and inevitability of quantitative laws in psychology; the data are quan- 
tifiable, and in some cases quantified. But quantification within the 
system is not achieved. 


Degree of Axiomatization, Consistency, and Independence of Axioms 


A scientist, in building a systematic treatment of his subject matter, 
necessarily accepts certain axioms with respect to his observations which 
are acceptable to all scientists; nature is orderly, and empirical science 
can reveal that order. The game is worth the candle. Skinner differs not 
at all from other scientists with respect to these axioms; he accepts them. 
A second class of axioms includes postulates of the explicitly stated type 
most characteristic of Hull (and perhaps essential to the writing of 3 
finished scientific theory). Skinner has expressed himself clearly on the 
status of such axioms. A third set of axioms are assumptions peculiar to 
the general approach of a given systematist. They are seldom explicitly 
recognized. It is possible to find, implicit in Skinner’s writings, many 
unstated assumptions upon which much of his systematic thinking seems 
to be based. 

The second class of axioms, the “postulates” of Hull’s system, have 
the character of general laws of behavior, which have been derived in- 
ductively. At the same time, they are treated as statements appearing 
from “nowhere” that constitute the skeletal structure of a theory. If we 
are to follow most analyses of theory construction, such axioms need not 
be derivable by any formal procedure of inference from an empirical 
foundation. It is asked of them only that they generate verifiable 
theorems. This characteristic seems typical of the application of mathe- 
matical theory to the data of the physicist. 

Skinner, on the contrary, is preoccupied with the problem of arriving 
at empirical laws, by induction, from the data. He explicitly rejects 
theory construction by the axiomatic method.2° To quote, “For the map 
whose curiosity about nature is not equal to his interest in the accuracy 
of his guesses, the hypothesis is the very life-blood of science” (p. 426)- 
The fundamental variables of a system must be experimentally isolated: 
there are too many alternatives that might be set up hypothetically, t0° 
many possible consequences to make it probable for an experimental sci- 


entist to use a hypothetico-deductive procedure fruitfully. 
eruption and the testing of hypotheses are actually subordinate processes in 
A A oa which proceeds largely or wholly without hypotheses to 
eo itative determination of the properties of behavi ‘hrough 7” 
duction to the establishment of laws te 437), a eee ee 


Hull, he states, has “failed to set up a system of behavior as distinct 
from a method of verification” (p. 436). 


* Cf. Kantor’s striction on “imposing theories on the data” (15) 
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In developing a system, Skinner has, however, inadvertently written 
a theory and has formulated as empirical law statements of the sort 
that serve as the postulates of a system. These have been presented at 
some length elsewhere in this section. Such laws presumably have many of 
the properties of the axioms of a hypothetico-deductive system. 

With his basic assumption that behavior is orderly, Skinner accepts the 
view that his laws must have logical consequences that are presumably 
not distinguishable from theorems. These consequences should be experi- 
mentally verifiable, else the inductive law is not adequately stated. 
They must, by the same argument, also be internally consistent. To quote 
Skinner, 


The virtue of Hull’s work lies in an insistence upon the experimental validation 
of statements about behavior and upon the necessity of confining oneself to 
gatements that are internally consistent and may be experimentally verified 
P. 436). 


The rejection of postulational technique is, then, not an unqualified 
One: many “postulates,” or “assumptions” are acceptable for a scientific 
System. Thus we read “. . . these ‘assumptions’ are actually nothing but 
descriptive statements... .” and“. . . it is possible that any example of 
Postulational method in the empirical sciences may be interpreted in the 
Same way and that ‘predicting’ a fact from a set of assumptions is never 
Intended to mean more than describing it. But if this is the case, the 
Pretense of deduction should be abandoned, at least by those who are 
interested in a descriptive science of thought and who wish, therefore, to 
See the number of thought processes reduced to a minimum” (51). 

Tt is not, then, unfair to inquire whether the laws of Skinner’s theory 
are Consistent, independent, and verifiable. The evidence shows that 
“any of them are not verifiable, but definitional. Whether or not they are 
dependent cannot be determined in their present statement. Inconsist- 
encies, it is submitted, have already been shown in the statements that 
define the principal constructs of the system. This is our finding, and not 
that of Skinner, for he has made little or no effort to examine either the 
logical status of his theory or the verifiability of the laws found 

Nerein, 
Where Hull’s technique has led him and his foll 
Stail the experimental status of many theorems deri 

Postulates and to make a more or less conscientious effort to a 
Consistencies within the system and between theory and data, Skinner's 
aPproach has led him from generalization to generalization. Having 
arrived at a general law experimentally, he has not preoccupied himself 


with exploring its every implication, or with demonstrating that it is not 
1o cOnsistent with some earlier law. He has rather gone ahead, to manipu- 
urther variables in a search for further laws. The experimental 
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consequences are evident. Skinner spends no time studying “latent learn- 
ing.” 

‘Skinner has uncovered a wide new range of phenomena, involving 
variables not at all considered by others and has obtained results beyond 
the scope of other theorist-experimenters. He has done so by foregoing 
careful tests of many of the implications of his system. If, in the course 
of experimentation not designed to test hypotheses, one of the implica- 
tions of a law fails of verification, then modification occurs. Thus the 
experimental data that led to the abandonment of the concept of the 
reflex reserve as it was originally formulated were not obtained in an 
experiment designed to test the law, but rather in an experiment on drive, 
in which the magnitudes of reflex reserves were relatively incidental meas- 
urements. “Rectification” occurs in Skinner’s system, but not by the 
mechanism of explicit effort to test the theory nor by any formal pro- 
cedure, 

No attempt is made to demonstrate that the laws are consistent with 
one another. That they are is inferred only from their empirical status 
and the orderliness of nature. 

Similarly, we cannot find any activity by Skinner calculated to test 
the independence of his laws. By his procedure, he needs not do so, since 
he does not propose them as independent postulates, even though he may 
use them as such. In any event, it is clear from other chapters in this 
book that the process of axiomatization, or postulation, is not necessarily 
an efficient or even foolproof method of avoiding inconsistencies in the 
statement of laws. 

The third class of axioms that Skinner accepts are different from thos¢ 
we have just discussed. They are nowhere clearly stated as such. These 
axioms have the nature of prescriptive and proscriptive statements; they 
have served to mold the system in a variety of ways and to give it some 
of the special flavor which distinguishes it sharply from other systems: 
They are not easily teased out of the system. They are not stated e*- 
plicitly, but lie embedded at the foundation of the whole approach $ 
the problem of behavior. Nor can it be said how many of them there at 
It is possible, however, to exhibit certain of the more important ones 
and to demonstrate their status as axioms from which both theoretic® 
constructions and experimental procedures are developed. ‘i 

The first of these is this: The behavior of an organism may be fruit- 
fully analyzed into correlations of stimulus and response. Overt events, 
physicalistically described,?? are the sole object matter of the syste™ 
The apparent converse of this axiom, however, is not stated. Skinner 49° 


* That is to say, stated in the same lan : pstra- 
Fe) FY, guage as that which as the su ie 
tum of physical theory (3, 10). No implication should be drasi as to the redut” 
bility of behavioral events to statement in terms of physical concepts. 


BURRHUS F. SKINNER 303 


not axiomatically rule out of the reach of science “psychic” or “internal 
events”; they are simply not included in his subject matter. 

A second such axiom may be stated this way: “A science of behavior 
which will permit the adduction of laws permitting the prediction and con- 
trol of behavior can be developed without reference to the internal phys- 
iological events which may accompany behavior.” This statement has 
probably led to more misunderstanding of Skinner than any other feature 
of his systematic structure. It is not a denial of the occurrence of events 
that are systematically correlated with behavior. It is not a statement 
that laws of behavior cannot be developed from such events. It is not a 
statement prohibiting the statement of laws relating behavior to such 
events. It is, above all, not a dictum prohibiting psychophysiological in- 
vestigation to the student of behavior, although it has been interpreted by 
one or another psychologist as any or all of these. It is a simple axiom 
which permits Skinner to proceed with his experimental investigations 
and system-building without reference to the physiology of the organism 
or to the structure and function of the neuro-skeletal system. The absence 
of physiological constructions and laws is attributable, not to the axiom 
in question, but to the quite different consideration that, strategically, it 
18 more expedient to work at the behavioral level, since the science of 
Physiology, where it is itself not based upon behavioral data, is not suf- 
ficiently well developed to permit its useful application to behavioral 
Problems. x 

“Adequate experimental control of the independent variables of be- 
havior and appropriate measurement of the dependent variables are 
achieved when orderly changes in the dependent variable occur, i.e., when 
Smooth and reproducible curves appear on the recording paper. . . : (p. 
442) is an axiom that has not attracted the critical evaluation that it un- 
Questionably deserves. Yet the definitions of the terms “stimulus,” 
“response,” and “reflex” derive from it. It has determined the level of 
Specification at which these terms are coordinated with the subject mat- 
ter, as well as the mechanical features of the recording apparatus. In both 
Cases, the uncharitable have not hesitated to point out that the orderliness 


ound in Skinner-box data is in part attributable to the use of crude 
Cumulative measures of behavior. This same axiom 1s related to the re- 
e of any of the statistical tests 
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When the statement of this axiom of orderliness is examined, the more 
extraordinary it becomes that it is taken as axiomatic and the more ques- 
tionable the experimental and theoretical practices that have derived 
from it. It is not evident that adequate control and measurement neces- 
sarily yield “smooth and reproducible curves” (p. 442), nor that such 
smooth curves, such “orderliness of dynamic changes” (p. 40), can be 
obtained only by adequate “uniquely determined” (ibid.) control and 
measurement, nor that they mark a “unique point in the progressive re- 
striction of a preparation” (p. 40). Neither statement is true in the 
physical sciences [and Skinner’s system seems modeled after physical 
chemistry (p. 434) ], nor need they be true in the behavioral sciences. With- 
out denying the esthetic merits of smooth curves, whether they appear in 
treatises on analytical geometry or on the recording paper of a Skinner- 
box, one can argue that smoothness is an inadequate criterion for deter- 
mining the care with which an experimenter will control his variables and 
for rejecting the statistical procedures for arriving at inductive generali- 
zations that have earned wide acceptance in all the sciences, 

Many scientific laws embody gross discontinuities. The “triple point” 
of water is a case in point. The occurrence of discontinuities in empirical 
data is not taken to be a problem for more or less careful experimenta- 
tion, but rather as a problem for the theorist, who finds himself forced 
to talk about “states,” 


which may account for the discontinuities. Since it is not Skinner's goal 


On the other hand, it is possible to get smooth and orderly functions 
where experimental manipulations are inadequate, although it is not 
necessarily easy to do so. Fortuitous combinations of variables and 
crude techniques of measurement by no means assure that the data will 
display discontinuities or that they will be unreproducible, For repro- 
ducibility all we need is to reproduce the same combination of variables. 
Let us take an example in psychology. We bring a subject into the labora- 
tory for an hour a day and measure his reaction time, now to auditory: 
now to cutaneous, now to visual stimuli, both with and without ready 
signals. Let us measure, on any one day, the reaction time of anywhere 


from 200 to 2000 responses to such stimuli. On some days, our subject 
is fresh, on others fatigued, on some days hungry, on others stuffed fro™ 
overeating. Let us use Marietta, Standar i 


c tion times have been taken, and present the dat@ 
in the form ofa curve, in which “cumulative reaction time” is plotted 25 
the function of “time in the laboratory” or “number of stimulations.” W° 
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will get a smooth curve for one subject that “looks like” a curve obtained 
by the same means from another subject. To be sure, if we introduce the 
obvious controls (derived from experiments where data are accepted as 
variable and necessitate the calculation of means and statistical tests of 
significance), the curves will be “smoother.” But how smooth is smooth 
enough? Given this axiom, on what criterion, except the perception of 
smoothness, are we to conclude that the curve we have obtained reveals, 
or does not reveal, inadequate control of stimulation, or adequate meas- 
urement of behavior? There is none, and our axiom is a dubious one 
indeed. 

It can be asserted then, that something more than “smooth and repro- 
ducible” curves must serve as the basis for a definitive system of be- 
havior, even though, within limits, this criterion may prove temporarily 
useful in some instances. 

We shall not take time here to present an exhaustive set of inexplicit 
axioms such as, “There is no set of data adequate to define a concept 
‘inhibition.’ ” There seem to be many, that vary widely in content. We 
shall rest with having pointed out that such a class of axioms can be dis- 
tinguished in Skinner’s system. 


The Use of Models 

“Model” is a fashionable term, but of variable referent. If we restrict 
ourselves to the use of the term as it appears in the physical sciences 
(eg., Riemannian space or the Newtonian mechanics of perfectly elastic 
Spherules of the older gas theory), no models appear in Skinner’s system, 
Ror could there be any in such a nonpostulational system. 

If we use the term loosely, in the fashion of psychologists, we could 
defend the position that the spinal-reflex is taken as the model of all 
behavior but that the reflex reserve is based on a cash register, water- 
bucket,?8 or reservoir, model, into which we may place determinate quan- 
tities of response-stuff and withdraw it in rather different anite but with 
the total “stuff” available invariant. We will not defend it; models, in 
this sense, are insignificant analogies. It would be otherwise, of course, if 
these “models” were employed hypothetico-deductively. 


Techniques of Derivation 


It is evident that Skinner’s technique of derivation is entirely informal. 
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In other cases, where general laws are presented, their formulation and 
. presentation may be more formal. Thus, “The Law of the Discrimination 
of the Stimulus in Type S” is stated after a preliminary treatment which 
states the problem of discrimination in the terms of the system, and 
which is largely concerned with the rejection of alternative treatments. 


GENERAL EVALUATION 


Our analysis has been relatively detailed. It has been based on a well- 
established view of the role of theory in the development of science and 
of the structural characteristics of useful theory. Such analyses almost 
inevitably develop into listings of the sins of omission and commission of 
particular theorists, especially when one treats with a theorist whose 
views on theory diverge from the analyst’s. 

Hull, Tolman, and even Guthrie and Lewin share with us much of our 
view of theory. It is, then, appropriate to point out gaps between many 
of their stated objectives and their performances. But it is not clear 
that Skinner is dealing with the same subject matter as these others. He 
often seems to be developing a system that not only differs from the 
others in particulars of theoretical detail, but also represents a re-orienta- 
tion towards the science. 

We have indicated certain shortcomings in the theoretical and sys- 
tematic developments offered by Skinner. Many of his proponents will 
sharply dispute these judgments. Criteria highly suited to the examina- 
tion of such highly axiomatized and deductive systems as Hull’s may be 
irrelevant to Skinner’s, since he has explicitly disavowed any intention 
of writing such a theory, and as we have seen, has used formal laws solely 
to define his subject matter. In its constructional aspects, however, 
Skinner’s work falls within the scope of the term “theory,” and can be 
so examined. Skinner has written a theory. On the other hand, it remains 
necessary to examine the status of the structure as 

Skinner states that he is concerned wi 
A system “consists of an aggregation of 
the sake of convenient investigation and 
phenomena 


a “system.” 
th the setting forth of a system- 
related variables, singled out for 
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inductive, nonpostulational. A system, in this view, is not so much a 
“theory” as it is a Weltanschauung. 

How successful has Skinner been in setting forth such a system? Cer- 
tainly, the body of experimental fact is there and secure. Certainly, the 
most important variables that are manipulated, and the dependent ones 
that are measured, are established. The experimental substrate of a sys- 
tem has been developed. Much of the vocabulary and definitional system 
needed to handle the results of the program is given within the system. 
But what is available is not entirely adequate to define the kind of 
system Skinner is concerned with, and we must turn to the embedding 
material, what the systematist has to say about what he is doing, rather 
than to the formal statements themselves, for further illumination. When 
we do so, we find that the kind of system conceived is quite different from 
what the hasty reader thinks is there, and that it is indeed based on 
Premises with respect to the nature of things which will not be universally 
accepted. 

That Skinner’s concepts have often been misunderstood and misin- 
terpreted probably stems from his choice of a set of terms. Implicative 
and associational values turn up frequently in the selection of a theorist’s 
terminology. To the “Tolmanite,” conditioned responses are mere, or 
mechanical. To the “Hullian,” expectancy and cognition carry the sug- 
gestion of the capricious intervention of entities extraneous to behavior. 
Skinner has attempted to avoid such considerations, and to eliminate the 
Preconceptions (about what organisms ought or ought not to do) that may 
flow from the use of terms with extensive connotations. He wishes to find 
out how animals behave and seeks a vocabulary that will let him talk 


about how they behave. Because of the existence in Sherrington and 
Pavlov of sets of data of the kind he believes are needed, he has adopted 
Many of their terms and applied some of their laws in defining his area. 

S a consequence, he has been misinterpreted. In his choice of termi- 
nology, Skinner has assured that his works and those of his fellows will 


e read easily by the followers of Hull and Guthrie and only with emo- 
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physiology, and they are stated in a physically reduced way. He employs 
them, not physicalistically, but physically. Skinner, on the contrary, does 
not attempt to write a set of statements about behavior which may be 
readily related to statements about protons, molecules, quanta, nerve 
impulses, or brain structures. Such a treatment, by its analytical omis- 
sions, produces disparities between physical world and psychological 
world, and so leads to a necessity for phenomenological investigations 
such as those of the Gestalt psychologist, that seek to put the “two” back 
together again. These problems are meaningful only when we accept as 
basic data for a point of departure the analytic products of other sciences. 
It may ultimately become desirable to incorporate reductive statements 
of some sort, as a more and more complete description of behavior de- 
velops. But it is not clear that this procedure is logically necessary oF 
pragmatically desirable for a science of behavior that aims to predict and 
describe. The experimental analyses forced by an acceptance of reduc- 
tionism often displaces scientific inquiries into behavior from the observa- 
tion and quantification of the organism’s activities, to the elaboration of 
detail on relatively insignificant phenomena. 

Skinner’s approach, then, bears no more than a terminological resem- 
blance to Hull’s or to Pavlov’s, but it is at least first cousin to Kantor’s 
system (15), which explicitly rather than implicitly accepts a metaphys!- 
cal position, naive realism, and rejects even the logical possibility of & 
reductionism. His approach has affinities to Tolman’s. Tolman postulates 
that the so-called laws of perception, derived from phenomenological 
studies, apply to the rat; Skinner does what amounts to the same thing 
implicitly, by starting with what comes to him, to all the other experi- 
menters, and until proven otherwise, to the experimental animal. Hull, on 
the contrary, seems to wish (where he does not evade the issue by speak- 
ing of “stimulus interactions”) to derive “perceptual” laws on the basis 
of his reductively stated postulates. Skinner wants to start with a point- 
-at-able operations, and to carry on from there. 
He accepts as his point of departure the world of things and activities and 
the fields of “perception” and 
at persons most familiar with 


caped many psychologists. 

is evaluated in terms of its oW? 
it survives examination more 
just another theory. Its very 
crit; they come from the fact 
Skinner has not been able tO 
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eschew theory as he wished. Theoretical constructs have appeared within 
the system, and have been assigned properties that do not appear in the 
data. Data-language terms have accrued surplus meanings. Statements 
incorporating operationally defined terms assert relations that have not 
yet been experimentally demonstrated. If Skinner had followed the 
critical analysis of theory construction that we have expounded, and if 
the highly formal nature of much of the system had been recognized, 
perhaps some of these difficulties might have been circumvented. Skinner, 
too, would object to the very things to which we have objected. 

The experimental program, on the other hand, has developed in a 
satisfactory manner. The experimental data that have accumulated over 
the years do not show the result of a preoccupation with “critical” (and 
complex) experiments, whose outcome becomes a matter of indifference 
to all, as soon as the theoretical point to which they were addressed is 
re-evaluated. In any event, as a system, Skinner’s is still growing, and 
data-gathering has outstripped theory. 

We may finally test the system against those evaluative criteria that 
were proposed in an earlier section of this monograph. 

Clarification of events. Does the system “clarify the description of the 
world which is possible in ordinary language?” There is little doubt that 
in eliminating, in an explicit way, terms of loose referent and vague 
connotation, Skinner has enabled many theorists to find for themselves 
Suppressed premises in their thinking. Beyond this consideration, the 
terms employed in the system are such that many phenomena may be 
restated to reveal relationships that might otherwise be overlooked. These 
results, in turn, necessarily lead to experimental investigation. The same 
terms, we have noted, however, have led to confusion about the content 
of the system. 

Summarization of existing data. How effectively does the system sum- 
Marize existing knowledge? Skinner has sharply delineated the classes of 
existing scientific knowledge that he is willing to incorporate within his 
System. While doubtless accepting as highly defensible the proposition 
that any set of scientific psychological data may be interpreted in terms 
of his variables, he explicitly refuses to admit, as a basis for athentans 
induction, the results of most psychological experiments. The reason for 
this is that the selection, manipulation, and control of the independent 
Variables is so erratic and incomplete that significant sets of data are 
lacking, Further, the measures of behavior that have been used are mean- 


j 7. < for fruitful 
ing] i signs are, finally, too complex for frui 
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analysis, To a remarkable degree, tt yieappi 
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obtained in non-Skinnerian experiments. Only when the variables have 
been adequately selected and manipulated according to the standards 
of the system, and when appropriate measures of behavior have been 
made does the system take account of experimental data. Then it shows 
itself highly sensitive to experimental results. Concepts well established 
in the system such as “reflex reserve” ? have been abandoned since their 
original statement on the basis of experimental results (48) without any 
particular attempt to reformulate them or otherwise to salvage them. 
Systematic problems are likewise faced, and new hypothetical constructs 
have been, or are being, developed to account for new classes of data. The 
experimental program proceeds, and no particular attempt is made to 
“tidy up” the theorizing that goes with it. In short, the system is highly 
sensitive to data deemed appropriate. Almost no effort is made to rein- 
terpret, in terms of the system, data gathered in other experimental con- 
texts or in any other way to make use of them or to synthesize them 
within the system. The data may be valid (i.e., reproducible), but they 
are taken as inappropriate for the systematic science of behavior toward 
which Skinner is striving. The system, then, summarizes such knowledge 
as has been obtained by the specified experimental techniques. 

Prediction. Does the system mediate the application of knowledge to 
new situations? Does it predict? 

Some systems or theories of behavior lay great stress on their ability 
to predict the outcome of planned experiments—often taken to be ev- 
perimenta crucis. It is not surprising, however, that a theory of restricted 
empirical basis, “informally stated,” and “inductively” developed does 
not generate rigorous predictions about the behavior to be observed in 
novel situations. In fact, such statements as these must be qualified. Sev- 
eral aspects of Skinner’s view of the problem of prediction and extrapola- 
tion must be treated individually, Although one of our more conservative 
theorists when he is making statements about prediction, Skinner is more 
willing than most to extrapolate his concepts from the situations in which 
they have been developed to some of the more intricate cases of human 
behavior. This willingness is clearly indicated in the title of the treatise, 


The Behavior of Organisms, which deals with the white rat in the 
Skinner-box. 


Two situations may be distin 
to make predictions. The first 
analysis shows that the “ 
and studied in the labo 


guished in which a systematist may wish 
is that in which a logical or operational 
same” variables that have already been isolated 
ratory are operative elsewhere in the “same 
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relationships that have been investigated. The data are in, and the 
theorist simply asserts the genotypicality of the situation, applies his 
theory, and “predicts” the course of events. In the other situation, 
familiar variables may be encountered, but in novel configurations, and 
the theorist is required to generate statements that go beyond those he 
has already made. Or, again, new variables may be encountered, and, 
again, prediction may be called for. While Skinner will predict, or rather 
extrapolate freely where a logical analysis reveals familiar variables act- 
ing in familiar ways, he will not predict at all under other circumstances. 
As a consequence, it is possible to find no predictions at all of the be- 
havior of rats, or of pigeons, when novel combinations of stimuli are pre- 
sented to them in the Skinner-box, and many predictions among Skinner’s 
writings with respect to human behavior in a social environment. The 
great difficulty is that these predictions are usually unverifiable, because 
of the complexity of the situation and the consequent impossibility of 
Meaningful experimental test. Prediction, then, is represented by extra- 
polation, by analogy; its use for the generation of propositions that may 
be put to experimental test is avoided. ae 

Does the system lead to fruitful lines of experimental inquiry? There 
can be no doubt that the theory has been associated with a very active 
experimental program. There can be no doubt that its atheoretical 
orientation dictates that experimentation shall proceed at all times, with 
full exploration of the behavioral consequences of varying the many 
experimental variables that the system discovers and treats. Many ex- 
Perimenters have argued that such parametric approaches to experi- 
mentation are fruitless, and that only experimentation directed toward 
Particular theoretical points have the merit of fertility. If anything, the 
development of the Skinnerian system argues against this view. The 
theory does not predict, and experimentation is not designed to check, 
theoretical statements. Yet the experimental program has been an exceed- 
ingly productive one. The experimental pages of The Behavior of Organ- 
isms speak for themselves. Most particularly, the area of research on 
Schedules of reinforcement was first explored and developed within the 
System. This set of results was not anticipated in other theoretical frame- 
Works and still represents a difficulty for them. It constitutes poe! of 
data that very likely will have considerable es cee Sn 
to come. i al stress of the theory has freed t spennan 
Program ap forced by respect for the integrity of theoretical 
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Appendix 


THE FORMALIZED LAWS OF BEHAVIOR 
(The Behavior of Organisms) 


Static Laws 


1. The Law of Threshold. The intensity of the stimulus must reach or 
exceed a certain critical value (called the threshold) in order to elicit 
a response. 

2. The Law of Latency. An interval of time (called the latency) elapses 
between the beginning of the stimulus and the beginning of the 
response. 

3. The Law of the Magnitude of the Response. The magnitude of the 
response is a function of the intensity of the stimulus. . 

4. The Law of After-Discharge. The response may persist for some time 
after the cessation of the stimulus. 

5. The Law of Temporal Summation. Prolongation of a stimulus oT 
repetitive presentation within certain limiting rates has the same 
effect as increasing the intensity. 


Dynamic Laws 


6. The Law of the Refractory Phase. Immediately after elicitation the 
strength of some reflexes exists at a low, perhaps zero, value. It re- 
turns to its former state during subsequent inactivity. s 

7. The Law of Reflex Fatigue. The strength of a reflex declines during 
repeated elicitation and returns to its former value during subsequent 
inactivity. 

8. The Law of Facilitation. The strength of a reflex may be increased 


through presentation of a second stimulus which does not itself elicit 
the response. 


9. The Law of Inhibition. The str 
through presentation of a second 
to the effector involved. 

10. The Law of Conditioning of Ty 
presentation of two stimuli, one 
belongs to a reflex existing at 
produce an increase in the stren 
response of the reinforcing reflex and the other stimulus. 

11. The Law of Extinction of Type S. If the reflex strengthened through 
conditioning of Type § is elicited without presentation of the Te 

inforcing stimulus, its strength decreases, 

. The Law of Conditioning of Type R. If the occurrence of an operant 
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is followed by presentation of a reinforcing stimulus, the strength is 
increased. 

The Law of Extinction of Type R. If the occurrence of an operant 
already strengthened through conditioning is not followed by the re- 
inforcing stimulus, the strength is decreased. 


Laws of Interaction 


14, 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22, 


23. 


24, 


„Pendent of the stimuli affecting t 


The Law of Compatibility. Two or more responses which do not over- 
lap topographically may occur simultaneously without interference. 
The Law of Prepotency. When two reflexes overlap topographically 
and the responses are incompatible, one response may occur to the 
exclusion of the other. 
The Law of Algebraic Summation. The simultaneous elicitation of 
two responses utilizing the same effectors but in opposite directions 
produces a response the extent of which is an algebraic resultant. ; 
The Law of Blending. Two responses showing some topographical 
overlap may be elicited together but in necessarily modified forms. 
The Law of Spatial Summation. When two reflexes have the same 
form of response, the response to both stimuli in combination has a 
greater magnitude and a shorter latency. l 
The Law of Chaining. The response of one reflex may constitute or 
produce the eliciting or discriminative stimulus of another. 
The Law of Induction. A dynamic change in the strength of a reflex 
may be accompanied by a similar but not so extensive change in a 
related reflex, where the relation is due to the possession of common 
TO i imulus or response. , 
The no af the Extinction of Chained Reflexes. In a chain of chi 
not ultimately reinforced only the members actually elicited undergo 


extinction. 
The Law of the Discrimination of the Stimulus in bait A ae 
strengthened by induction ss si ane ig diene i 
in imi not identical stimulus may 
guished if the pe Nava in stimuli is supraliminal for organist: 
The Law of the Discrimination of the Stimulus in Pa 
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SECTION 4 


Kurt Lewin 
DOD 


WILLIAM K. ESTES 


INTRODUCTION 


ers and text writers, if not theorists them- 
or dramatize, the psychology of learn- 


ing in terms of a conflict between two camps, the one commonly called 
stimulus-response or stimulus-response-reinforcement theory and the 
other gestalt, cognitive or, most generally, field theory. The lines of 
demarcation are not entirely distinct. The S-E label covers at least Hull, 
Guthrie, Skinner, and a large number of associates and students of these 

a and Kohler, Lewin, 


men; the field label covers the gestalt theorists Koffk 
ivergent as Maier and Wheeler. 


and sometimes others with viewpoints as d 

Tolman has usually been classified in the latter group, although it is 
by no means clear upon detailed examination of his work that the 
classification is entirely accurate (or judging from recent writings, that 
he is entirely happy with it). For brevity in the following discussion 
We shall refer to the former line of development simply as learning theory 


and the latter as field theory- 

By learning theory we shall mean, then, the rather loosely defined 
Class of psychological systems which has grown out of the American 
functionalist-behaviorist tradition and which is associated historically 
With the names of Pavlov, Thorndike, Loeb, Jennings, Watson, and 
Carr, and contemporarily with the names of Hull, Guthrie, and Skinner. 
Although learning theory, 5° defined, includes several rather disparate 
theoretical programs, they all have much in common. The underlying 
Philosophy is aeenesly marked by the influence of logical positivism ane 
Perationism, The point of view is characterized by an assumption 0 
317 


During recent years review 
selves, have come to characterize, 
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continuity with physiology and physics and a tendency to take the 
experimental and theoretical methods of the physical sciences as a start- 
ing point for approaching the problems of behavior. All are committed to 
the view that the concepts of a science of learning must be confirmable 
in terms of prediction of observable behaviors. In the early stages of 
theorizing, at least, they proceed by analyzing learning situations into 
behavioral and environmental components and developing empirical 
generalizations that describe relations among classes of behavioral and 
environmental variables. The concepts of learning theory have for the 
most part grown out of experimental facts in a rather straightforward 
fashion. This point of view has assumed a dominant role in relation to 
research on learning in this country. The vast majority of studies of 
learning reported in the experimental journals in recent years are formu- 
lated in terms of S-R theory. This fact is in great measure responsible 
for the emphasis given S-R learning theory in the work of the Dartmouth 
conference. 

There is no reason to expect that direct, comparison of learning theory 
and field theory will be easy, for the empirical sources of the two theo- 
retical enterprises are quite different. Whereas the concepts of learning 
theory have grown out of a fairly well defined set of experimental data, 
the inductive source of field theory seems to be compounded of informal 
observation of various sorts of human behavior, usually in social con- 
texts; introspective reports from human subjects; experimentation on 
human behavior, mostly concerned with conflict, perceptual phenomena, 
and group interactions; and a small amount of animal experimentation, 
mostly involving complex activities in the higher organisms, problem 
solving, etc. In so far as we expect a theory to grow out of facts, We 


should be prepared to find many differences between field theories and 
conventional learning theories. De, 


nents of field theories are frequent] 


e distinguishing characteristics of u 
st permit the appellation field theory 


It should be noted first of all that most of the attributes claimed by fie! 
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theorists and sympathetic reviewers tend to vanish or at least become 
non-differentiating upon critical scrutiny. It is not clear to the present 
writer in what technical sense the term field theory is especially applica- 
ble to the systems of Lewin (11, 12), Kofika (7), Köhler (8), or Tolman 
(18). The term field has been taken over from physics, but it is not 
easy to find a basis for the presumed analogy between field theories of 
physics and the so-called field theories of psychology. In any physical 
theory the system of events under consideration is characterized by a 
set of state variables (e.g., in mechanics one may take as a system a 
material particle and characterize the state of the system at any mo- 
ment by the mass, position, and velocity); the theory predicts the 
behavior of the system by means of laws relating these state variables 
to one or more independent variables. In non-field theories—e.g., classi- 
cal mechanics—time is the only independent variable. In field theories 
spatial as well as temporal coordinates take on the role of independent 
variables and the laws are expressed as partial differential equations. 
It is not obvious, however, that this mode of differentiation between field 
and non-field theories makes much sense in the context of contemporary 
psychology. Certainly the so-called field theories of psychology have not 
made great use of partial differential equations; even the commoner and 
less formidable methods of quantitative analysis have generally been less 
Prominent in these systems than arguments in favor of “treating the 
organism as a whole.” His 3 

The field theorists of psychology criticize over-mechanistic views of 
Causality and emphasize multiple determination, but it is mainly the 
stimulus-response learning theorists who have proceeded to formulate 
laws relating behavior changes to multiple independent variables (as, 
for example, in the joint determination of momentary action tendency by 
reinforcement history, drive, and stimulus properties in the theories of 
Hull (5) and Skinner (16). Some of the field theorists, especially Lewin 
(14), emphasize the role of “the present situation” and claim that science 
can go no farther toward the explanation of a phenomenon than to pro- 
Vide a conceptual representation of the situation in which it occurs; this 
view will be examined in detail below. } i 

One of the rallying points of the field theorists has been the claim of 
eing more dynamic than stimulus-response or association theorists (18). 
Again we seem to have a term taken over from physical theory with no 
obvious basis for its analogical use in psychology. In physics dynamical 
laws are those which express rates of change of processes while statical 
laws deal with conditions of equilibrium. Clearly the use of A 
in characterizing psychological field theories does not refer ee r 
tinction. Evidently dynamical terms are borrowed by the a og: : 
for the glamor and prestige of their connotations. One of - e Ea o 
“dynamic” in psychology reflects an animistic view of scientific explana- 
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tion according to which a satisfactory account of an observed phenome- 
non must involve words connoting jorce or energy. Thus we find (10) 
association theory criticized for failing to provide a source of energy for 
mental processes, and field theories such as Lewin’s given credit for 
handling the problem of motivation simply because the word force is 
used to label one of the theoretical concepts. It is our view that progress 
in psychology depends upon achieving freedom from this sort of “dy- 
namic” theorizing and rising above the primitive stage of theoretical 
development where the demand for explanation can be satisfied only 
by animistic or analogical forces, faculties, energies which reside in or 
behind observed phenomena. Among field theorists Lewin has been an 
outspoken critic of animistic views of causation and yet has not been 
able to resist the temptation to assign to his theoretical concepts attri- 
butes of direction, attraction, repulsion, etc., thus remaining effectively 
in bondage to the mechanical models of classical physics. It seems to be 
not the field theories but the more sophisticated S-R theories, notably 
that of Skinner (16), which are beginning to achieve freedom from the 
animistic theories implicit in everyday language and to reflect the 
methodological developments of physical theory. 

A detailed comparison of field and learning theories reveals a number 
of fairly clear-cut differences. First of all, the field theories are character- 
istically much broader in scope. They take their origins in everyday 
problems or in complex laboratory situations involving perceptual and 
inferential processes, formulate theoretical concepts reflecting the grossly 
observable “directional,” “organizational,” “meaningful,” aspects of be- 
havior, then at a later stage try to show that the results of learning 
experiments can be verbalized in the same terms. To a great extent the 
field and learning theories simply do not deal with the same problems. 
The learning theorist typically begins with the restricted laboratory 
situation, develops a conceptual model which will mediate detailed pre- 
dictions in a narrowly defined area, then wanders afield to see what 
light his model may shed upon extra-laboratory problems (but ready to 
retire sheepishly if caught off his inducti 


Differences in interest and in metho 


dological assumptions make comparl- 
f view always difficult and frequently 
data languages which are 


hail , explicitly or by some sort 0 
reduction, in terms of a common pre-theoretical language in which all 
statements are confirmable by observation. 

A set of concepts defined entirely in terms of one another constitutes 
a purely formal system. A formal system may be of great interest in its 
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be compared for critical purposes only in so far as they are reducible to 
the same data language. The reviews of current theories in the present 
volume have been influenced by this fact. It will be seen, for example, that 
the theoretical concepts of such otherwise diverse systematists as Guthrie, 
Hull, Skinner, and Tolman assume essentially the same data language. 
The works of these men are directly comparable in many respects, and 
theories or fragments of theory growing out of their work may be re- 
garded as sometimes competitive, sometimes complementary formulations 
of a common subject matter. Certain other theories, those of Kéhler and 
Koffka, for example, which might appear superficially to be alternative 
formulations to those mentioned above, prove upon analysis to assume 
different data languages and therefore to present quite different tasks to 
the critical analyst, 

Lewin’s theory has seemed to us the most suitable of the field theories 
to select for detailed consideration. It has been elaborated in great detail 


A critical or comparative analysis of any intellectual undertaking must 
ramework, with reference to which com- 


and the selection of L 
proach, 
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tal events. It is likely that Lewin’s view of the nature of psychological 
theory does not agree entirely with that of the present reviewer. Conse- 
quently it may seem to workers in the Lewinian tradition that the review 
has Missed the point of some of the Lewinian theoretical developments. 

18 may quite well be true. In any case the purpose of the following 
analysis is not to decide whether Lewin’s theory is good or bad, regarded 
as a social institution, but to determine how it stands with respect to a 


Particular set of standards. 

“ven from this point of view, it is entirely likely that we will not be 
able to do complete justice to Lewin’s views. It will be necessary to 
ws some of his theoretical concepts from context in order to exhibit 
} € structure of his theory in terms of our analytical outline. There seems, 
however, to be ample evidence in Lewin’s writings that analysis of his 
W ork in our terms is not unreasonable. He has expressed views concerning 

© relation of theory and fact very similar to our own. For example: 

The task of psychology is that of conceptually representing and deriving 
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Servable facts (By, Bq) the behavior (B) which has to be explained. It is be- 
coming increasingly clear that it is necessary to introduce between these groups 
of directly observable facts a number of concepts or “constructs which one 
ran call “intervening concepts” . . . OF “conditional genetic concepts” . . . or, 
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sympathetic with his views, as Leeper (9) and Hilgard (3), have indi- 
cated frequently that Lewin’s broader field theory can handle problems 
of learning incidentally. Since field theories are rather widely regarded as 
alternatives or competitors to learning theory it may be instructive to 
take Lewin’s as the most explicitly formulated of the field theories and 
investigate the extent to which it has been possible to handle problems 
of learning within this framework. 


I. METHODOLOGICAL CONSIDERATIONS 


We shall discuss first Lewin’s general point of view and methodologi- 
cal assumptions, then the more detailed structure of his topological and 
vector psychology, and finally applications of this system to learning 
phenomena. 

Lewin’s program represents one of the first serious attempts in psy- 
chology to interpret an existing formal system in terms of an empirical 
domain. This theoretical procedure has had a number of spectacular 
successes in other sciences, as in the application of non-Euclidean 
geometry to relativity physics. (For a discussion of some of the method- 
ological problems involved, with particular reference to the theoretical 
enterprises of Lewin and Hull, see Koch (6).) Even in physics this kind 
of theoretical blitzkrieg has been successful only upon certain occasions 
when favorable circumstances have enabled a convergence of previously 
separate lines of thought. The stage has been set by extensive study and 
systematization of the empirical subject matter, leading to the establish- 
ment of low level empirical laws or limited theories, each well established 
within restricted empirical areas but not satisfactorily interrelated 
within any broader framework. It is under these conditions that co- 
ordination of experimentally defined concepts to terms in a deductive 
formal system has proved extraordinarily fruitful, 

Lewin has attempted to apply a similar strategy to psychological 
system building by interpreting mathematical topology in terms of 
psychological concepts, and where topology has not proved suitable, 
gomg on to invent a new geometry, hodology, with properties which 
seemed to be needed for the representation of psychological situations. 
We shall review this enterprise in some detail in the following pages. It 
should be pointed out at the outset, however, that a detailed evaluation 
of Lewin’s theory is complicated greatly by the status of the empirical 
domain which he took for his starting point. Unlike the situation i? 
physics at the time of Einstein’s contributions, current psychology does 
not offer a generally accepted preliminary systematization of its subject 
matter or any well established limited theories. Consequently, in order 
to carry out his ambitious undertaking Lewin has had to take as his 
empirical base a hodge Podge of terms taken over from classical psY~ 
chological literature and from the vernacular, and then proceed to ©” 
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well-defined situation. We accept an observed relationship as a fact 
only if we believe it to be reproducible, but it may have no generality 
beyond the situation for which it is established. In the most primitive 
stages of a science, commonly accepted bits of everyday observation may 
be taken as facts, in later stages only the results of controlled observation 
and experiment. Even among facts derived from experiment perfect 
democracy cannot be claimed. Always some facts are more heavily 
weighted than others by the theorist. In psychology at the present time 
many investigators, including the present writers, favor the results of 
relatively simple experiments as the principal inductive base for learn- 
ing theory. This preference is not due to any naive belief that all of 
the principles which may eventually be needed to account for complex 
behaviors can be derived from these experiments, but rather to a con- 
viction that only in these experiments can we have confidence that the 
effects of different variables have been isolated. Like Lewin and his 
followers we feel the urgent need for a learning theory which can aid in 
the solution of human problems, but we can see no grounds for believing 
that the beginnings of an adequate theory can take root from anything 
but the patient analysis of experimentally isolated situations. 

The coordination of mathematical with psychological concepts does not 
in itself provide an adequate link with reality. The psychological con- 
cepts themselves, whether arising in the pre-theoretical stage of the sel- 
ence or borrowed from other systems, need to be coordinated just 4s 
scrupulously with non-theoretical terms which refer directly to observa- 
ble events and for which common usage can be obtained among all 
scientific investigators. A principal task in reviewing Lewin’s theory 15 


to determine whether the linkage can be completed between his formal 
concepts and empirical events, 


Il, PRELIMINARY CHARACTERIZATION 
OF THE THEORY 

In order to make the following critique intelligible let us begin bY 
sketching briefly the main features of Lewin’s system as we understand 
it, where possible comparing his conceptions with those of learning theory: 

First, let us compare the starting points, the immediate inductive 
sources, of these two varieties of theory. Learning theory takes aa ite 
sole method of verification the prediction of behavior in specific situations: 
It has grown out of a body of fact drawn from laboratory experiment® 
usually with animal subjects, which provide functional relations betwee? 
aspects of behavior and controlled antecedent conditions. Its low lev® 
concepts are typically rather straightforward generalizations of these 0?” 
served relationships. Theoretical concepts are usually linked explicitly 1 
the observable variables which enter into the low empirical generalizar 
tions. For example, Hull attempts to anchor the concepts habit strengt! 
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certain set of axioms and rules of inference is to be used in carrying out 
derivations within the theory. Regions in the life space are carriers of 
positive and negative valences; these in turn represent fields of psy- 
chological forces which influence the individual. Leeper (9) has suggested 
that regions in the life space should be identified with actual or potential 
activities of the individual, but Lewin does not seem to have accepted 
this limitation. It is our impression that one will not go far wrong in 
identifying the regions of the life space with the totality of situations in 
which the individual may find himself. By “situation” we mean to in- 
clude both the activity of the individual and also whatever portions of 
the environment influence the activities. Then the behavior, or other 
psychological activity, involved in transforming one situation into an- 
other is coordinated with the term locomotion. Locomotion may refer 
either to overt behavior or to “cognitive restructuring” of the environ- 
ment, that is, coming to perceive the environment differently. Forces are 
the determiners of locomotion. Any locomotion is coordinated with the re- 
sultant of the forces acting at the time. Presumably in applying the 
theory to behavioral situations we should use knowledge of the surround- 
ings and of the history of the organism to measure the psychological 
forces affecting him. The forces acting upon an individual at any time 
depend upon (1) the cognitive structure of his environment, and (2) 
tensions in the individual. The first component includes the positive oF 
negative valences which available regions of the environment have for 
the individual and also the psychological distance between the individual 
and those regions (psychological distance between regions A and B may 
be thought of as the number of situations or activities which would have 
to be traversed in proceeding from A to B); the second component is 
coordinated to the concept need, as we have indicated above. 

In some respects Lewin’s system is rather similar in structure to con- 
ventional learning theory, despite the strange terminology. In general the 
behavior of an individual is determined by his surroundings and by the 
effects of past experience. Certain concepts in the theory can be fairly 
closely coordinated to relevant environmental variables. In practice, al- 
though not by formal definition, positive and negative valences are iden- 
tified with the conventional concepts of reward and punishment and are 
handled in much the same way as those terms. Effects of more remote 
environmental and physiological determiners are represented in the co?” 
cept of tension, which has obvious similarities to the conventional co?” 
cept of motivation. Past experience modifies present behavior by changins 
the way in which the individual structures (perceives or interprets) his 
environment; but here Lewin’s theory diverges from learning theory a 
including ho concept explicitly referring to the characteristic of the indi- 
vidual responsible for the way in which he structures the environment ant 
in failing otherwise to summarize or conceptualize changes in modes ° 
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structuring in relation to relevant features of past experience. The con- 
cepts of associative strength or habit strength have no clear analogue in 
Lewin’s theory. It is assumed, however, that experience modifies the 
mode of structuring the environment, including the valences of various 
regions of the life space. (We do not mean to imply that valences are 
solely a matter of cognitive structure; they are held also to be functions 
of tensions in the individual.) It will be seen that it is quite conceivable, 
on logical grounds alone, that Lewin’s theory might turn out to handle 
the same facts as learning theory. In order to ascertain whether this is 
the case it will be necessary to examine certain features of Lewin’s theory 
in more detail with a view to answering such questions as (1) how are 
locomotions and cognitive restructurings linked to observable character- 
istics of behavior, (2) does the system include laws which will enable us 


to predict how an individual will structure & given environment, (3) how 
inked to experimental variables? 


o force fields and planes of reality lini enti ! 
nly to the extent that these questions can be answered will it be possible 
to evaluate Lewin’s attempt to handle problems of learning and moti- 
Vation, 
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logical existence, consciousness, belief, expectation, perceptual field, and so 
on (these examples are from Principles of Topological Psychology (11). 
But one cannot, surely, assume that uniform usage of these terms exists 
among psychologists of diverse theoretical viewpoints. Statements formu- 
lated in the theory cannot be reduced to statements directly confirmable 
by observation so long as these terms are taken as undefined. , 
Let us illustrate the difficulties that arise by considering a specific 
example. A central theoretical term in Lewin’s topological psychology 38 
cognitive structure. The definition of this “dynamic concept” given 1$, 
“structure of the life space corresponding to the knowledge of the 
person” (11, p. 218). This definition puts us in a position to coordinate 
cognitive structure (of the life space) to observables provided that we 
understand the term knowledge. “Knowledge” is not defined, however, 
either explicitly or, so far as we can determine, by usage. The latter sort 
of definition might be claimed if the system specified some unambiguous 
method of determining an individual’s knowledge at a given time or some 
laws enabling the prediction of an individual’s current knowledge from 
antecedent conditions; but our study of Lewin’s works reveals neither. 
How then is the impression given that statements involving the term 
cognitive structure have factual content? The answer is to be found 32 
a procedure which seems decidedly out of harmony with the formality of 
Lewin’s conceptualizations. Throughout his works countless “concrete 
situations” are interpreted in terms of the theoretical concepts. These 
situations are drawn from literature, from various anecdotal sources, and 
from experiments. In all cases the theoretician writes from the stand- 
point of an omniscient being who is in a position to evaluate cognitive 
structures, valences, tensions, ete., for the individuals involved in these 
situations without revealing how this information could be obtained i? 
any concrete case. Take, for example, a discussion of maze learning in rats- 
A rat may have found the food for the first time in a new maze. It is brought 
back to the starting point. It then “knows” that it is possible to get from its place 
to the food, but it does not yet know the path. . . . The rat “knows” the path 38 


soon as it is able to decide at each branching . . . which of the adjacent regions 
“leads to” the food and which does not. In other words the rat is able to fin 
its way as soon as it knows the topological relationships of the regions W 
enough to make the correct decision at each eritical point ... (11, pp. 133-134)- 


The latent learning variation is handled in the same vein. 


If one puts a rat into the maze without food, he gets a chance to “orient” bim- 
self, which means that what is first an unstructured field becomes structure™” 
Insofar as this process of structurization tends to be complete, the animal 


know at any point the relation to the adjacent regions and perhaps also to 
the more distant ones (11, p. 134). 


The discussion reads plausibly enough, but there are no constraints upo? 
the interpreter. In “explaining” or “deriving” the results of any give? 
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cannot be made, often successfully, by the theorist on the basis of his 
knowledge and experience. In summary, it is our conclusion that cogni- 
tive structure is a “free floating” concept in that no statement involving 
the term is refutable by experience. We do not mean to say, however, that 
the term is entirely meaningless. It is quite possible that certain uniformi- 
ties in usage of this term have developed among those who have worked 
Closely with Lewin; that possibility can have no bearing upon our 
Criticism of Lewin’s formal theory unless such uniformities can be codi- 


ed and incorporated into the system. 

Variables 

from Lewin’s works only a very rough 
] domain that his system is supposed to 
eorists he does not set the stage for his 


theoretical enterprise with a detailed analysis or categorization of ob- 
Servable variables. The term “behavior” is frequently used to denote that 
which is being predicted or explained by the theory. But “behavior” does 
not have the meaning here that is customary in American psychological 
Writing, “Behavior” is defined by Lewin as “any change in the life space,” 
including not only observable activities of the organism but also psycho- 

ging, perceiving, expecting, struc- 


logical processes such as knowing, reali Cpe 
turing, which are not defined in terms of observable activities. 
Similarly, there seems to be no explicit statement available concerning 


the independent variables of Lewin’s system. Behavior is considered to 
be a function of “person and environment,” but the latter term refers, 
not to the physical world, but to the environment as “structured” by the 


B. Dependent and Independent 


We have been able to obtain 
characterization of the empirica 
handle. Unlike recent learning th 
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$ si, 
organism. The set of definitions and postulates presented in mare 
works is not reducible, so far as we can ascertain, to laws relating ote 
logical activities to independently manipulable variables. For this eee 
we have not found it possible to derive rigorously any empirical aa 
tions from the theory. In practice, Lewin and his followers ong 3 the 
this deficiency in the theory by tacitly setting certain aspects e 
theory in correspondence with common experimental operations. ae 
as we have noted above the experimental procedure of presenting sagt ty 
or punishments to an organism is treated, in discussing conerete si vet 
tions, as the empirical counterpart of affixing positive or negative pose 
to regions of the life space. This informal development of coordina rs 
definitions in use enables the theorist to give plausible accounts of fe 
crete situations, but with no possibility of having the theory refuted aii 
the outcome of the behavioral situation, since the correspondence betwe : 
theoretical and empirical terms is adjusted in accordance with the “ns 
pirical findings and is never formally incorporated into the syste™ 
Flexibility is obtained at the cost of testability. 


C. Hypothetical Constructs 


top- 
1, Mathematical concepts. The labelling of Lewin’s system as a 
ological psychology” together with the extensive discussions of geome A 
cal concepts in Lewin’s works (11, 12) tend to give a somewhat mislea j 
ing impression of the role of mathematics in Lewin’s theory. One fn _ 
that students commonly receive the impression that mathematical aun 
plines are a part of Lewin’s theory in a sense which is not true of gt 
theories. This point should be clarified. It is merely a matter of awe 
tion whether the mathematical and logical apparatus used for derivat ei 
is considered as part of a given scientific theory or simply as an a 
device, or tool, used in operating with the theory, but for clarity i“ 
view or the other should be followed consistently. Whichever view a 
adopted, no essential difference will be found between the role een 
geometrical concepts could be expected to play in Lewin’s theory, a E 
say, symbolic logic in Hull’s (4) or algebra in Spence’s (17). In apply í 
topology, Lewin is simply attempting to utilize a set of formal rules ca 
inference and calculation in operating with his theory. One source of 6% g 
fusion for the reader of Lewin’s works is the common practice of ke 
the same word to designate corresponding mathematical and psychologii 
concepts. Thus “region” is (1) a geometrical concept, presumably en 
ject to the rules of topology, and (2) a portion of the life space © 
individual. aE 
A second source of confusion lies in Lewin’s manner of ae 
topology. His application seems in brief to consist in coordinating en 
concepts of topology to psychological concepts, and then eet oo 
ological principles as guides for the drawing of diagrams “represent! 
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Psychological situations. We cannot find that he has proceeded anywhere 
to utilize topology as deductive machinery for the derivation of theorems 
Which would predict new psychological relationships. His mode of repre- 
senting situations seems to have always, and we should judge necessarily 
m the present state of his system, the character of a post hoc reconstruc- 
tion. Suppose, for example, we want to construct a “topological” repre- 
sentation of a situation involving an individual at an arbitrary point of 
an unfamiliar maze. Since we assume the maze to be unfamiliar, the 
individual does not know the location of the goal, G; so the individual 
at the point C and the goal at G are represented (12, p. 59) by uncon- 
nected regions. Parts of the maze between (physically) C and G are 
represented by an unstructured region which is connected with neither. 
(We tums ot cutee asime that the iaamiduel Knows that there is a 
goal somewhere in the maze.) Now we ask whether a blind alley, L, 
available to the individual at C should be represented as lying in the 
Same psychological direction as G. The discussion in the text makes clear 
the point that the answer will depend upon the individual’s experience 
in the maze. If he has not yet explored L, it must be represented as part 
of the cognitively unstructured region lying between C and G. Now 
suppose the individual enters the alley L once and finds that it does not 
contain the goal; should we now change the diagram to specify the psy- 
chological direction of L with respect to G? The answer 1s indeterminate. 
If the trial sufficed to change the individual’s cognitive structure, then 
the diagram should be changed. But we can ascertain whether his cogni- 
tive structure was actually changed in a permanent fashion only by 
observing further trials. There js no rule which would enable us to specify 
the likelihood that the trial in question will change the cognitive struc- 
ture. And once the situation at time t is adequately represented (dia- 
gramed) the role of topology is completed. Ordinarily in science, when 
one symbolizes aspects of a situation 1n terms of some mathematical 
discipline, it is with the purpose of utilizing the mathematical machinery 
for derivation of the outcome of the situation. This purpose 1s not served 
by Lewin’s procedure, however, for one must observe the outcome of the 
situation before the symbolization can be completed. : . 
We shall not proceed here to present Lewin $ mathematical concepts in 
detail. A summary of the principal mathematical concepts used in the 
system has been made available by Leeper (9) and the uses and misuses 
of topology involved have been criticized in detail by London (15). It is 
our conclusion that the geometrical features of Lewin’s theory amount in 


practice to an elaborate set of procedures for diagraming selected features 
The possible fruitfulness of mathematical 


of psychological situations. ; 
topology as a deductive tool in the development of psychological theory 
has not been tested by Lewin 

2. Concepts mainly concerned 


13 applications. 
with observable facts (11, p. 215). 
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The concepts given under this heading fall into two main categories. 

a. Psychological concepts which are the counterparts of mathematical 
concepts—e.g., life space, psychological region, structure of a region, 
boundary. 

b. Concepts which are apparently intended to provide a close link be- 
tween the theory and the empirical domain—behavior, environment, loco- 
motion, person, situation. Close inspection of these terms reveals the 
appearance of explicit empirical reference to be illusory. i 

Behavior is defined as “any change in the life space”; life space as the 

totality of facts which determine the behavior (B) of an individual at 
a certain moment”; environment as “everything in which, toward which, 
or away from which the person can perform locomotions”; locomotion aa 
change of position (in the life space) or change of structure (of the life 
space) ; person as “a differentiated region of the life space”; and so on. i 
no case do we find anything even roughly approximating an operation® 
definition. 
8. Dynamic concepts. The dynamic concepts are in general one step 
rther removed from observables than those considered under 2. These 
concepts are not supposed to be explicitly definable in terms of data 
words but should be coordinated to other concepts in such a way that 
statements involving them can be confirmed by observation. 

It will be impractical for us to review all of the dynamic concepts 
explicitly. Even a complete list is formidable; examples are force, tension, 
valence, barrier, rigidity, reality, weight, friction, elasticity, fluidity, 
plasticity, accessibility, communication. Many of these terms are take? 
over from physics by presumed analogy between physical and psycho- 
logical situations and are not developed in detail in Lewin’s works. Cer- 
tain others—e.g., reality—earry meaning by connotation or metaphor 
and are used in such a flexible and literary fashion that the prese” 
writer has great difficulty in coming to grips with them. We shall selee 
for detailed examination a small number of the dynamic concepts, thos? 
which are most used in illustrative derivations in Lewin’s works aP 
which are most familiar to the general reader—force, valence, and te?” 
sion. These concepts seem to have an importance in Lewin’s theory 60?” 
parable to reaction potential, reinforcement, and need in Hull’s oy 
purpose, goal, and cognition in Tolman’s. In order to clarify the metho’ 
ological status and the functions of dynamic concepts in Lewin’s system, ? 
will be necessary to examine the definitions and the formal interrelation? 
of these concepts and to evaluate the possibility of confirming statements 
of psychological fact derived from postulates in which the concepts 
appear. 

Lewin has noted frequently (e.g, 12, p. 82) that a definition of ê 
construct must contain “(a) the conceptual properties of the constr¥© 


fu 
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and (b) its coordinating definition.” Let us examine the definitions of 


the three concepts under consideration. 
Force is assigned the following concep 

strength, and point of application (12, p. 83). Thi 

tion is: 

gation: If the resultant of psychological forces acting on a region is greater 
an zero, there will be locomotion in the direction of the resultant force, or the 

structure of the situation will change so that the change is equivalent to such 


a locomotion (12, p. 85). 


„Valence is defined (12, p. 88) asar 
vidual which attracts or repulses this in 


or negative valence, then the resultan 
has a direction toward or away from that region respectively. A valence 


may thus be coordinated to a “force field” and this in turn to locomotion. 
_ Tension refers (12, p. 98) to the state of a system (region?) of an 
individual which tries to change in the direction of equality to surround- 
ing systems and always involves forces at the boundary of the system 
in tension, We infer that “system” is synonymous with “region” since 
only regions have boundaries. Tension is coordinated to the psychological 
Concept of need, 

As the coordinating definition of tension one can. 
Hypothesis: Whenever a psychological need exists, 
sion exists within the individual (12, p. 99)- 

It is specified that the empirical facts to whic 
those acts or behaviors which are generally recognized as a syndrome indicating 


a need (12, p. 99). 


It is added that the concept of 
by some “more precise behavioral s 


These coordinating definitions contai 
ing deficiencies of Lewin’s theory. In every one of these cases, and the 


same is true for the other dynamic concepts, the concept is coordinated 
to a psychological concept which refers to some aspect of behavior, never 
to independently manipulable variables or independently observable 
events, This means that in any situation the dyname concepts involved in 
an instance of behavior can be evaluated only after the behavior has 
occurred. For example, 4 locomotion will occur in the direction of a result- 
ant of forces, but one can ascertain the magnitude and direction of a 


resultant of forces only by observing the locomotion. 


tual properties: direction, 
e coordinating defini- 


egion in the life space of an indi- 
dividual. If a region has a positive 
t force acting on the individual 


an use the following statement... 
a system in a state of ten- 


h the definition refers are 


of need will have to be replaced eventually 
ymptoms for tension” (12, p. 99). 
n the key to one of the enervat- 


D. Relations Among Constructs 


At least two types of relations may 
—those W. 


concepts: (1) logical relations 


be distinguished among the dynamic 
hich follow from the definitions, 
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a A e 
and (2) relations postulated by the theorist, presumably in accordance 
with empirical facts. 


e 
Examples of the first type are the relations between force and valenc 
frpa= F(Va(G)/ep¢) 


where f is the force impelling the individual toward G; F is some Ta 
tion; Va(G) is valence of G; epg is the psychological distance — 
the person, P, and the goal, G; and the relation between force and tensio 
which is said (12, p. 222) to hold “aside from other factors.” 


t= F(f) 


some function, and f the force. and 
second type is the relation between valence 


t being the tension, F 
An example of the 
tension 


Va(G) = F(t,G). 


FIG. 44 


consuming the food G1 reached by the first way 
ping of the lever (L1), the animal finds itself in A but can proceed a are 
ing lever L2, from there to G?, A, L8, G3, and nee x 
i eliminate the regions A in the representation 0 ag 
experiment.) The driving force in this RE aie 
valence Va(@) of the total amount of ie ae 
animal expects (G = Gi + Ge +G+ .. .). This amount is not limited. mhe 
animal can be considered as practically the ce 
Iso the distance (epg) to the next food an Ee 

be considered as being constant. According 

(21) is 
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eP,G 


e, the driving force fp,¢ can be con- 


In our case is ep, = constant. Therefor 
alence of G(fp,¢ = F(Va(G)) which 


sidered to be a direct function of the v. 
decreases during satiation. 

Indeed Skinner found that the frequency of tapping the lever within a time 
unit decreases with the decrease in hunger (t). One can consider the frequency 
of tapping the lever in a time unit as the velocity va znan With which the 
animal passes through one group of regions A,L",G". Skinner’s observation can 
then be expressed by the formula: 

(Ex. 24) vazman = F(t) 
The velocity v4 :n,qn refers to the total time which the animal needed for: “tap- 
ping the lever once, consuming the food received, getting ready to tap the lever 
the next time.” The time necessary for actually tapping the lever is probably 
rather short and relatively constant. Therefore the difference of velocity is prob- 
ably mainly a difference in consumption and getting ready for the next tapping 
of the lever. 

The result (Ex. 24) of the expe 
the valence of the goal G, and there 
the need of the individual 

fael =F (Va(G)) =F(t,G) 
tion is a function of the resultant force in its 


d from the theory that 


riment can be derive 
is a function of 


fore the force in its direction, 


. + and that the speed of locomo 
direction n 
(lvae=F Ulf aal) 

ini ing of the lever prob- 
+. . For, th training force frn,—r” offered by the tapping ©: 
ably can be na ER A be relatively constant (and not very great) as soon as 
the animal is familiar with it. We have already mentioned that the driving force 
fp,q = F(Va(@)). Therefore, the resultant 
feat finn = Íra = F(Va(G)). 
one assumes that the velocity of con- 


Jas in our case, 1 i; 
me : f velocity of locomotion. That 


If one applies these fo 
sumption v(cons) can be viewed as one type 0: 
means that formula (33) can acquire the form 
(Ex. 25) v(cons) pa = F(\f*r,al) =F) 
nt, Skinner's results are fully in line with 


in case the other factors are kept - 


these deductions (12, pP- 141-144 

It is clear that this experimental situation, typical of those which 
have been the primary concern of learning theorists, can indeed be ver- 
balized in Lewin’s terms. It seems entirely likely that any learning situa- 
tion can be described in these terms. It should be noted, of course, that in 
each new case, as in the illustration just quoted, new coordinating defini- 
tions must be set up as needed (€.8- the coordination of velocity of 
locomotion to speed of bar pressing). It is necessary to look more closely 
at the “deduction” that the rate of bar pressing is a function of the 
drive (tension). First we note that the learning involved is accounted 
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for by the statement that after several days of experience the ae 
knows that tapping the lever will produce food. This statement must ir 
its basis in the omniscience of the theorist, for it is certainly not deriva 5 
by logical (or topological) techniques from Lewin’s concepts. The poe 
mal’s knowledge must be inferred from the fact that the animal ao i 
come to press the bar rapidly; whether and at what pace a given AER 
will acquire, this knowledge is unpredictable. The remainder of the da 
tion depends upon the “possible assumptions” (12, p. 135) that speed be 
locomotion is a Joint function of the resultant force impelling the inc g 
vidual and of the construct h which represents the totality of othe 


3 ich 
factors (e.g., means of locomotion, characteristics of the path) whic 
might influence speed. n 


Several conclusions can 
cepts in use. (1) Any con 
could be “deduced” in th 


E. Lewin’s Treatment of Conventional Learning Concepts 


In order to be sure that we have not overlooked important ways i 
which Lewin’s system might contribute to a science of learning, we sha 
round out our examination of the system by considering briefly Lewin’s 
only publication devoted explicitly to learning theory—his chapter, 
“Field Theory and Learning,” in the 1942 NSSE yearbook (13). is 

The critique of the conventional learning concept which opens thi 
chapter expresses views surprisingly similar to those of recent ana 
theorists. He points out that “learning” is “a term with many niena e 
and a disturbing history” (13, p. 219). In the vernacular and in ioma 
psychological writing “learning” is a popular term which “refers in a ea 
or less vague way to Some kind of betterment.” In earlier hipaa 
systems learning seems to have been thought of as a unitary concept, a 
process which together with the complementary process of fatigue e 
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plained any change in behavior. Lewin notes that in practice the term 
learning is used in reference to many different phenomena and that there 
is no adequate theoretical justification for thinking of these empirically 
diverse phenomena as manifestations of a single underlying process. 
Sometimes, we hope, psychological theory will be so advanced that, as in modern 
physics, a few very general formulae will permit the derivation of most psy- 
chological phenomena. However, & science cannot reach this state without first 
having developed more specific laws, each representing the nature of certain 
types of processes (13, p. 220). 
This is a remarkable statement coming from the author of the not par- 
ticularly modest topological and hodological systems. Since it was written 

ose systems, one may speculate 


Several years after the publication of th s € 
that Lewin might not have found much room for disagreement with the 


principal conclusions of our critique. 

Within the area generally called learning, Lewin proposes a number of 
distinctions: (1) learning as & change in cognitive structure (acquiring 
knowledge) ; (2) learning as & change in motivation (learning to like or 
dislike) ; (3) learning as & change in group belongingness or ideology; 
(4) learning in the sense of developing voluntary control of the body 


musculature (as in acquiring speed). : a 
The first variety can be further categorized by reference to Lewin’s 
system. (1) Differentiation of unstructured areas. Crudely, a situation is 
considered unstructured for an individual if he knows nothing about it. 
Lewin shows how changes in cognitive structure may be diagramed 
g his way about in 


by means of the illustration of an individual learnin J 
a new town. It becomes clear that the system provides a rich vocabulary 
for describing the state of the individual’s knowledge at any point. The 
difficult problem for the uninitiated, as 1n the case of Tolman’s cognitive 
maps, is that of ascertaining how we are to know what the individual 
knows. In this paper, as in his other writings, Lewin does not make a 
serious attempt to deal with the question of how we are to infer the 
individual's cognitive structure from his actions or of how changes in 
cognitive structure are reflected in changes in behavior. One of the princi- 
pal advantages claimed for the concept of differentiation is that it is “a 
basic biological concept related to such fundamental and familiar notions 
as the subdivision of the egg into smaller units of more specific character” 
(13, p. 226). The reasoning seems to be that taking over a term from 
another discipline automatically establishes a theoretical relationship. 
(2) Restructurization. It is conceded that not all instances of learning 
can be regarded as the differentiation of regions Ta ge units. Some- 
times a change in cognitive structure ee E A ae boa 


of differentiation. This point js illustrate e 
lem. Lewin poses the question: «What psychological change occurs at the 


moment when the child has ‘insight’ into the solution for the first time?” 
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(13, p. 227). His answer is that the cognitive structure of the situation for 
the child changes so that the goal has a new “psychological direction 
with respect to the starting point. It will be seen that here, as in many 
other situations, Lewin poses and solves a quite different problem than 
would a learning theorist. The latter would be more apt to ask what 
conditions make the solution possible or impossible, hard or easy for 
the child, and then to depend more upon the laboratory than the drawing 
pen to make progress toward handling the problem. g 
The section on learning as change in valence and values begins with & 
resumé of Lewin’s views concerning reward and punishment. The treat- 
ment of conflict situations involving reward and punishment seems to be 
an advance over traditional law of effect thinking. Lewin emphasizes the 
necessity of analyzing the situations to ascertain the conflicting tenden- 
cies set up in the person, the barriers necessary to keep the individual m 
the conflict area, the role of threats and promises. Unfortunately, as 2 
other areas, Lewin’s “topological” diagrams of typical situations give 22 
impression that all is understood, and it may be this illusion that has 


ty, but he has not constructed a theory that pened 
Processes. This feature seems to be characterist 
theories in general. The theorists are typically 


they provide a running b 
colleagues up to date o 
may upon occasion have the eff 


ect of instigating learning theorists t0 
extend their slower moving, 


experimentally geared theories to new areas. 
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CONCLUSION 
n we evaluate claims that field theory offers a 


more fruitful approach to the problems of learning than the systems we 
have termed collectively learning theory? About the field approach in 
general we have little useful to say, for it has proved difficult to define 
Satisf actorily. Most of the alleged methodological and conceptual similari- 
ties between what are called field theories in psychology and field theories 
in physics have proved evanescent upon close examination, and the same 
can be said for many of the alleged differences between field and non-field 
theories in psychology. One of the most generally accepted tests of a 
theoretical approach, its value in directing research, is hard to apply in 
this instance. None of the so-called field theories have been developed in 
conjunction with programs of experimental research upon learning. Typi- 
cally the field theorists have developed their systems in other areas, then 
have attempted to collect the psychology of learning as an extra dividend 
without much additional investment. The measure of their success seems 
to depend upon the criterion adopted. From the writings of Kohler, Kofika, 
Hartmann, and Lewin one would gather that field interpretations of 
learning are demonstrably superior to all others. From the experimental 
literature on learning, on the other hand, one would conclude that if this 
view is correct, then the most superior theories of learning have had the 
least influence upon research. Since it did not seem possible to clear up 
this disparity at a level of broad generalities, we have attempted a case 
study approach. Lewin’s system, the most elaborately developed of the 
psychological field theories, Was selected for this purpose and its struc- 
ture and mode of operation have been analyzed in some detail in these 


ages. à 
” — theoretical enterprise has understandably been of considerable 
interest, even fascination to psychologists and social scientists. There 
seem to be two main sources for Lewin’s not inconsiderable influence. 

a well-known 


First, his theorizing was carried on m Genya aia m k i 
program of research upon ¢ avior and group . Second, 


hild behavior p 
Lewin capitalized upon the immense prestige of relativity theory, propos- 
ing to revolutionize psyc sholesale application of 


nological theory by W 
what he conceived to be the concepts and methods of physical field theory. 
A casual or hearsay acquaintance W 


ith Lewin’s principal works (10, 
11, 12, 13) could easily result in an impression 


that the revolution has 
already been effected. The topological 


steamroller seems to have run 
roughshod over the whole field of psychology, either crushing or geome- 
trizing all varieties of old-fashio 


ned theory. If a reader is led to wonder 
how a theory could cover sO much ground, learning, motivation, conflict, 
child development, social processes, 


in so little time, and examines the 
system in detail, he finds that Lewin has no 


In summary, how ca 


operated under the re- 
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straints accepted by most other theorists. Where most learning T 
consider successful predictions of behavior to be the principal ia na 
good theory, Lewin’s system requires only an “adequate,” accor mee 
the theorist, description and symbolic representation of a situ sige 
Lewin’s rationale for this unrestrictive methodology lay in his soe 
tion of the field concept. He frequently criticized other pepe to 
systems for depending upon an outmoded view of causality which e k 
explanations of phenomena in terms of forces or other entities lying hes 
hind the phenomena, and held that the problem of explaining a tly 
nomenon ended when the situation in which it occurred had been Sie 
described. In practice this view was pressed so far that Lewin or ee 
followers threw out not only the demons but also the predictive oe 
Contemporary learning theorists (e.g., Skinner, Tolman, Guthrie, eee 
i n, not in postulating underlying entities to explain 


cts 
havior but in seeking functional relationships between observable aspe 


of the behavior and observable antecedent conditions. 
The main conclusion from our anal 


n : a e. 
e a field theory but it does not work like re 
oom for disagreement with Lewin’s contenti 


sciences. 
Even though Lewin may not h 


t 
ing theory, he has contributed criticisms and di i hod tha 
will probably influence i 
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has been garnished with the latest methodological devices, it will not be 
incorporated into the body of a science if its concepts are not securely 


linked to a body of observational data. 
Upon concluding our review of Lewin’s system in relation to learning 


theory it may not be out of place to ask what we have accomplished by it. 
Literary critiques of theories probably have little to do with the progress 
of a science. The experimenter rather than the critic is the final arbiter of 


the value of a theoretical contribution. In the case of Lewin’s system in 
e laboratory seems fairly clear. 


relation to learning, the verdict of th 
Lewin’s theory has not been taken up by investigators of learning, and 
new theories now under development are quite different in character from 
Lewin’s. Is there, then, any value in a formal review of the theory? 

It would seem that the most important excuse for a formal critique is 
that it may contribute something toward the development of more ade- 
quate standards for appraising theoretical work. As the concepts used 
In our theories improve, S0 should the concepts we use in talking about 
the theories, the point being not to judge dead theories more accurately 
but to exhibit better craftsmanship in constructing new ones. In the 
Dartmouth conference we tried to bring together and organize somewhat 
$ rrently utilized in reviewing and 


the principles, concepts, and categories cu 
he outcome of these efforts, as exhibited in 


criticizing theoretical works. T : 

the present report, may serve to shed light upon the adequacy of con- 
temporary critical standards as well as upon the more morphological 
aspects of contemporary theories. i 
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SECTION 5 


Edwin R. Guthrie 
SDI KEKE KE 


CONRAD G. MUELLER, JR., 
and WILLIAM N. SCHOENFELD 


INTRODUCTION 


Gurur is customarily included among the S-R learning theorists, and 
is frequently distinguished from other men in this category by reference 
to his adherence to a form of the “contiguity principle.” The following 
account will show the reasons for both these characterizations. Neverthe- 
less, it may be said of Guthrie that he has not really formulated a theory 
of learning; rather he has put forward two or three statements that serve 
as principles around which he builds his discussion of learning problems. 
These statements are the recurrent themes of his theoretical papers, but 
they have not been systematically developed by him in any detail. 
Guthrie’s work cannot, therefore, be analyzed fruitfully under the 
rubrics feasible in the case of other men treated in this volume. The 
broad outline followed here may be given in advance in order to clarify 


the course of the discussion: 


I. Guthrie’s orientative attitudes toward science in general, and 
toward psychology in particular. 

II. The data language from which his theory starts, namely, the de- 
pendent and independent variables featured in his treatment of 
learning. 

III. The theory’s construct system, and some applications of the theory. 

IV. An evaluation of Guthrie’s contributions to the area of learning 


theory. 
345 
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I. ORIENTATIVE ATTITUDES : 
A. Orientation Toward Science and Psychology 


1. Science is based upon information that is “public” in the sense of 
being accessible to, or acceptable by, all observers. In this sense, science 18 
“founded on an interest in fact” (22, p. 2) and seeks to order or arrange 
facts. These “facts” are not equivalent to “nature” but rather to descrip- 
tions of nature acceptable by any observer; they are certain statements 
about events or objects that all can agree on—they are the “basis of 
human cooperation” (22, p. 1) in science. “There are . . . no absolute 
facts, and a universe without men and human discourse would be 4 
universe without facts” (22, p. 1). Facts are addressed to an audience, 
and get their existence from the acceptance of hearers. Thus, the facts 
that men accept will determine their scientific theories, and, reciprocally, 
the theories of men may determine what observations they will make and 
accept as facts. 

2. “Science cannot deal with unique events. Only in recurring events 
can we discriminate between mere antecedents and necessary and sufficient 
antecedents” (10, p. 194). A scientific “explanation of any event consists 
in stating the rule or generalization of which the event is an instance” 
(10, p. 12). Scientific psychology must go beyond the common sense 
explanations which often rely on “the act of an agent” (10, p. 13) as the 
causative factor, since “knowing that an event is an act of an agent does 


not give the rule of the act unless we know the ways of the particular 
agent” (10, p. 13). 


Scientific explanations all have much the same form. They state the rule of 
which the event in question is an instance. A state of affairs which we may call 
“A” (for “antecedent”) is followed in a certain proportion (say x per cent) of 
the cases observed by another state of affairs “C” (for “consequent”). If the 
law has to do with the degree or quantity of some state instead of merely with its 
presence or absence it would read: State “C” is a certain mathematical function 
of state “A,” or C = $ (A), with an observed error of estimate, “z.” 

In such a law both the antecedent and the consequent may be anything what- 
ever, provided that it is observable, describable, and recognizable. The conse- 
quent, “C,” will be something which we are interested in anticipating or pre- 
dicting; the antecedent, “A,” will be anything that can conveniently serve as a 
warning of “C.” The rule itself, if it is to qualify as scientific, must be the result 


of observation of cases of “A” and of “C” and it should be verified by further 
observation after it has been formulated (10, pp. 13-14). 


*In the text, quotation marks will be used in two ways: (1) for direct quotations 
from Guthrie’s writings in which case reference citations will be given, and (2) for 
single words or short phrases which are used with a Guthrian connotation. Particu- 
larly in the section on orientation attitudes, 


i however, we have often found it neces- 
sary to paraphrase Guthrie and we hope it is clear where Guthrie is speaking and 
where we are commenting. 
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3. Science, in its attempt to arrive at explanations, relies upon analysis. 
In psychology, the “flow of behavior” is always “confused and intricate,” 
(10, p. 9) and “infinitely complicated” (18, p. 22). “We cannot record or 
control all the conditions under which our experiments are made, or record 
all the details of any sample of behavior” (10, p. 10). Thus, Guthrie re- 
gards as trivial, albeit indisputable, the Gestalt assertion that “behavior 
is always a response to a total situation” (10, p. 19), since any attempt 
to predict from, or form a scientific rule to cover, a “total situation” is 
hopeless, This hopelessness arises partly from (a) the fact that total 
situations (including an organism’s previous state and responses) are 
never repeated and cannot be reconstructed, hence are unique; and (b) 
the fact that total situations are not recordable in their entirety. What we 
must do, is to “select certain outstanding and conspicuous parts of the total 
stimulus situation and keep some record of their consequences” (10, p. 29). 
Similarly, on the response side, “total behavior” is not recordable and is 
always unique, hence it is not useful in arriving at a scientific generaliza- 
tion leading to prediction. We must select a segment of the continuing flow 
of behavior which will be a practical and useful C term in the explanation 
formula C = f(A). Thus, a conditioned response may “never be the exact 
duplicate of the original behavior; but it will on many occasions be enough 
like the original behavior to make its prediction important” (10, p. 31). 
So long as we stick to “facts” in the sense of acceptable statements about 
events, our analysis leads to scientific laws in stimulus and response terms, 

4. For Guthrie, theory is of central importance to any science. He holds 


that 


. . . theories are the basis of working concepts. They enable men to confront new 
facts and deal with them successfully. Furthermore, theories are required to 
direct the search for relevant facts. It is theories that endure, not facts. Events 
are ephemeral and their descriptions also may be ephemeral. It is theory that 
lasts for years or for generations. It is theory rather than fact that leads to new 
controls over nature and events. From theory inferences can be made and new 
applications devised. Facts are likely to be local and temporary. Their applica- 


tions are limited (22, pp. 3-4)- 
Furthermore, 


. . . (to make progress in developing psychology as a science) . . . two things 
are necessary. One is that theory be continuously produced and continuously 
amended and continuously used to guide the collection of fact. The other is that 
we remember to conform to the rules that have been responsible for the remark- 
able achievement of the scientific tradition, the use of objective evidence which 
means a basis in facts open to the observation of all who are interested and 
described in public terms that must be accepted by other scientists. These re- 
quirements may bear heavily on many current movements in psychology, in 
which recognition of events is claimed to be an art not communicable by 
ordinary means, open only to the inner members of a cult and closed to outsiders. 
Facts may accumulate without theory; but they will prove to be unstable and 
of little profit in the end. Theories may flourish if their basis lies not in scientific 
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fact but in opinions and interpretations acceptable only to the members = 
limited faction; but they will be bad theories. Schools flourish only when ter 
are not carried back to public facts. Unless psychologists maintain an ni 
in general theory the fields of psychology will increasingly become indepen 
collections of undigested information (22, pp. 19-20). 

Guthrie acknowledges, however, that some facts can be useful without 
being ordered into a theory. Such would be various types of ehant 
therapy in medicine, or metallurgy in the hands of a blacksmith. In me 
cases, the absence of theory eliminates the chance for generalized aor 
edge, hence for extension and extrapolation to other, and perhaps novel, 
uses. 

5. The aims of science are prediction and control. Thus: 


io r sation. 
Scientific explanations have Placed upon them at the start a severe restrictio 
They are directed 


at the prediction and control of natural events... - (10, 
pp. 12-13). 


The laws of learnin, 
animal behavior. Like 


event is explained when it is shown to be an 
tion (6, p. 125). 

6. From the foregoing sections, 
general, including psychology, 
of Guthrie’s thoughts regarding psychology in particular. Pf 

a. There are certain things to be avoided in formulating psychologic 
laws or constructing psychological theories: : 

(1) The laws are to be based on observables. This rules out physiolog!- 
cal or neurological constructs, subjective determiners, ete. Thus, “The 
laws of science describe the observable conditions under which certain 
classes of events take place” (10, p. 187). “A great deal has been made 
of (the) theory of the brain as a dynamic electrical field in which a 
change in detail alters the whole pattern. The theory is quite safe,’ 
course, from experimental verification or disproof by any technique 50 
far developed and as an attempt to state the circumstances under whic 
action or learning occurs it is quite useless because it calls on unobserv- 
able determiners” (10, p. 195). Similarly, Thorndike’s assumption COn- 
cerning the synaptic basis of S-R bonds “is a highly speculative and puie 
unnecessary assumption” (10, p. 152). The same point is raised com 
cerning Dunlap’s contention that the determining conditions of leem 
are “thoughts, desires and ideals” (10, p. 143). Guthrie comments on 
these are accessible only through the media of speech, gesture and 0 

` physical actions. : 
Tor Guthrie, only the observable conditions under which learning a 
curs are of any use for a theory or for an understanding of learning, 


which are applicable to science ce 
we may extract, and perhaps add, a fe 
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when these are described, the theory is already complete. His views of 
learning are independent of any special theories of the physiology of the 
nervous system. 

(2) The primary interest of psychology cannot be in the utility or out- 
come of behavior, that is, not in teleological laws. This, he feels, is the 
error committed by the psychologists who deal with law-of-effect or rein- 
forcement learning. “We must know how learning occurs as well as know 
what it accomplishes” (10, p. 240). More will be said below on Guthrie’s 
attitude toward law-of-effect learning. We may note that he believes the 
description of learning in terms of outcomes may be important in a 
practical way at some times; and that he also believes that behavior as 
referred to effects can be predicted with some “crude” certainty. 

Guthrie clearly feels that law-of-effect principles of learning should be 
derivable from primitive statements of conditioned doings—after all, he 
argues, an animal is wired nerve-to-muscle, not nerve-to-effect; moreover, 
prediction is better on the basis of doings (i.e., what the animal has last 
done) than on the basis of teleological principles like self-preservation. 
After all, an animal may also learn to do self-harming things. Not that 
effect principles are wrong; Guthrie believes they cannot and do not con- 
tradict empirically more basic laws, but they lead to different laws, ones 
which may not be as fundamental or useful for the “prediction and 
control” of behavior. 

b. While science aims at the “prediction and control” of behavior, 
the nature of psychology’s subject matter imposes limits upon the achieve- 
ment of both these aims. Thus, the reproducibility of a previous situation 
is never perfect; hence we cannot control the response exactly (in the 
sense of getting the exact response we want) and we cannot predict the 
exact response that will be made. This lack of reproducibility arises from 
at least two considerations: (a) following a response, the organism can 
never return to exactly the same position with respect to the physical 
environment; and (b) the previous situation includes the response made 
in it, and every new response inevitably alters the situation by adding its 
own stimuli so that the prior situation can never be completely recap- 
tured. Thus: “The psychologist must resign himself to the fact that no 
psychological event is ever really repeated. The second repetition of a 
stimulus is only roughly and for practical purposes equivalent to the first; 
his laboratory subject is only substantially or approximately the same 
person who sat in the chair the day before. Since that time he has slept, 
eaten a little, learned a little, and this will alter his response no matter 
what precautions have been taken to have conditions the same. No two 
responses are alike. Two trips through a maze, two conditioned salivary 
reflexes may be substantially the same, but they are always the same 
with a difference. As a result of this indescribable complexity of events 
we are limited to prediction with a high degree of error. We can attach 
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only probabilities to expected events and the probabilities may be “a 
slight. Our comfort lies in the fact that even slight probabilities in ua 
expectation of human conduct may be better than complete ignorance 
(10, pp. 10-11). F 

Predictability is, therefore, a matter of probability. The error 0 
estimate in our psychological laws, C = f(A), arises because, first, we oe 
never know everything about (A), and, second, the very response itse. 
changes (A) so that it is a forteriori unique and non-recurring. Thus, 
predictability, and the possibility of control, will forever be less than per- 
fect, both for individuals and for groups. a 

7. Specifically with respect to learning, Guthrie feels that this is & 
central topic of psychology, since so much of what we want to know in- 
volves shifts, changes, and recombination of the behavior of organisms. It 
is not all of psychology, certainly, but by taste and conviction, Guthrie 
holds it to be one of the fundamental fields of psychological inquiry. He 
writes: “I have already expressed the opinion that learning and motiva- 


tion represent the two fields most fundamental to an understanding of 
behavior and thought” (22, p. 9). 


Guthrie does not att 
“learning.” He does, however, 
he is interested in accounting for 


Yet, “Learning, as so defined, doe 
tendencies” (10, p. 4). Thus, 
to be included as learning, 
. .. disappear after brief i 


deciding what changes resulti 
for. In his words: 


survey. Can we find any rule or uniformi 
any circumstances which regularly 
animal which has had one kind of 
Under what circumstances do the 
take place? (10, p. 6). 


history afterward tend to do een 
specific changes in behavior we call le 


= eas of 
What Guthrie’s reader emerges with is a sort of denotative definition 
the theorist’s interest. 
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B. Some Comments on Guthrie’s Orientative Attitudes 


Before proceeding to a discussion of the data language in Guthrie’s 
system, let us return to several points raised in the preceding discussion. 
These points, while not chosen at random here, still represent only a 
selection and do not exhaust the possible starting points for methodologi- 
cal argument. 

For example, we have seen that Guthrie believes scientific explanation 
of any event to consist of “stating the rule or generalization of which the 
event is an instance.” It is these rules or generalizations that constitute 
scientific laws. Thus, laws are inductive, rather than deductive, general- 
izations. Moreover, “the laws of science describe the observable condi- 
tions under which certain classes of events take place.” From this reason- 
ing, it is not clear what Guthrie’s intention is when he characterizes his 
own central principle of conditioning (that of association by contiguity 
in time: “stimuli acting at the time of a response tend on their recurrence 
to evoke that response”; 8, p. 199) as a “scientific law.” His principle of 
association could be considered a descriptive generalization only if we 
invoke the broadest possible meaning of “tend” (see footnote, page 363), in 
which case stimulus and response might be regarded as data words, A 
later discussion, however, will attempt to show that it is truer to Guthrie’s 
view to consider this “principle” as a postulate involving stimulus and 
response as construct words. 

Second, Guthrie also regards theory as a mnemonic device on which 
facts may be strung for easier remembering or for easier teaching to other 
people. By this criterion, there would be no reason why the theorist could 
not tailor his theory to his audience, in order to suit its mnemonic value 
to their memory span. That this is not, indeed, wholly foreign to his in- 
tention is indicated in this passage: 


Professional explainers regularly forget that there are two parties involved in an 
explanation, the one who offers the explanation and the one at whom it is 
directed. An explanation that does not make clear the event to the person seeking 
information is no explanation at all. It is not the explainer who must be satis. 
fied but the listener (10, p. 12). 


And again in this passage: 


Explanations are, after all, statements addressed to persons and it is quite pos- 
sible that an explanation that does not explain to the person to whom it is 
addressed is no explanation at all, and the hearer is quite within his rights in 
refusing to accept it. It is also quite conceivable that there may be more than 
one good explanation of the same event. Different hearers may haye different 
requirements, and the same hearer may have at different times different uses for 
an explanation. No listeners can rid themselves of their cultural backgrounds or 
the limitations of their linguistic repertoires. Absolute and final explanations 
could only be addressed to celestial and timeless beings (6, pp. 124-125), 
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From such passages it is not clear what has become of the idea Guthrie 
expresses elsewhere that an explanation is a general inductive rule about 
facts accessible to all persons. Furthermore, we are not given the secret 
of how Guthrie might change his present theory of learning if his audience 
of fellow-theorists were of a different caliber from whatever he assumes 
it to be today. We may agree with Guthrie that the technical level of 
exposition should, for purposes of communication, conform to one’s audi- 
ence, but this is not to say that the substantive aspect of the theory can 
be permitted to change so as to yield an “explanation” for different 
hearers. Expositions may differ depending upon the audience, but must be 
inter-relatable if they are to be considered expositions of some common 
theory, p 

As a third example, the quotation and discussion of section 6(b) raise 
the question for Guthrie’s readers of whether psychology is in a singular 
position with respect to the problem of the repeatability of events, OT 
whether this is a problem for all sciences. If the quotation is intended a8 
a general commentary on the problems of measurement in science, then 
psychology is not different from other sciences on this score. But if 
Guthrie considers psychology to be alone in this impasse of non-repeat- 
ability, then it is not clear from his writings what the characteristic of 
behavioral data is that marks them off from data in other sciences. I 
experimental and theoretical tools were actually available to establish 
that the organism or situation is not the same from trial to trial, then 
pari passu one could study this variability and the factors of which it is 
a function. As matters stand, however, Guthrie seems to regard this 
variability as synonymous with a form of chaos, or unlawfulness in 
nature; he does not hint that variability may have a lawfulness of its 
own as a dependent variable, open to the same scientific analysis as any 
other phenomenon. He simply offers this variability (experimental situa- 


tions are never the same, and responses are never alike) as the preventer 
of perfect prediction and control. 


Fourthly, in arguing for the measure 


ment of behavior by movements 
rather than by effects on the environment (or “acts” defined in terms 0 
the environment, such as pressing a bar, or taking a right turn in 4 


maze), Guthrie has frequently asserted that prediction is better in the 
case of movements than in the case of “effects.” But if this is meant 38 
an empirical statement, no references to data are given. Data such ay 
presented in Cats in a Puzzle Box (27) are certainly not relevant to this 
point, since it was a response defined in terms of “effects” that was used 
to trigger the camera (see discussion, pages 357-358) . 

Lastly, let us consider Guthrie’s attitude toward physiological con- 
structs or constructs couched in physiological terms, It is undoubtedly 
true that behavioral theory can be developed without going outside the 
realm of behavioral data and constructs, and a clear rationale for this 
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choice is readily statable. Guthrie, however, deplores physiologizing (e.g., 
Thorndike’s synaptic nature of learning, Pavlov’s cortical mechanisms, 
Gestalt theory’s brain fields), mainly on the ground that the assumed 
physiological changes are not “visible.” Thus, he argues that if one were 
to open a person’s head, one would not be able to tell whether the indi- 
vidual had previously learned to play the piano. Accordingly, he regards 
assumed “cerebral hangovers” (10, p. 152) as being unobservable and 
untestable notions, and condemns any attention by learning theorists to 
them. Even if one were inclined to regard this criticism as being meta- 
phorically worded (i.e. that Guthrie does not intend “visible” to mean 
visible to the naked eye), the fact remains that he holds physiological 
theorizing to be immune to proof or disproof because of this lack of 
visibility. The argument, however, fails to distinguish “visibility” (in 
some sense) and testability. In the context of such an argument, Guthrie 
is more likely to offer one figure of speech for another (for example, that 
learning may be likened to “setting a switch” rather than to “wearing a 
path” 5, p. 419) than he is to attack the logical problems involved. 


I. THE DATA LANGUAGE 


In examining Guthrie’s data language—that is, the pre-theoretical 
descriptive and empirical terms in which are couched the observations 
that his theory undertakes to order—it will prove convenient to use 
categories linked to our customary ways of sorting out, or collecting, 
observations and data. These are the categories dependent and independ- 
ent variables. 


A. Dependent Variables 


1. In Guthrie’s language, “movement” is regarded as the primary 
datum of behavioral science, although in his own experimentation he 
has also used bodily positions and verbal responses as data. Movements 
are understood to be coordinated, in a general sense, with contractions of 
muscles, both smooth and striate, and both large and small. Included 
among responses are not only movements attended by visible displace- 
ment of the organism or its parts in space, but also glandular secretions, 
muscle tonus, simultaneous contraction of antagonistic muscles, and so 
on. Guthrie distinguishes repeatedly between movements and “acts,” the 
latter being movements or classes of movements defined in terms of their 
effects or outcomes (e.g., catching a fish, sorting cards, getting to the 
goal box of a maze, pressing a lever). Thus: 

The boy sharpens his pencil, writes in his book, walks to the door, signals a 
companion. These are acts, not movements. Writing can be done in many ways, 
with either a hand or a foot, and still be called writing. We speak of writing on 
the typewriter, which is done by very different movements from those de- 
manded by a pen. Common sense does this because we are usually concerned 
more with the results of a movement than with its style or detail (18, p. 22). 
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For Guthrie, such descriptions in terms of effects are teleological; 
attempt to “connect accomplishment and situation by agers ait 
laws” (18, p. 22), and this “without regard to the means by which ci 
effects are brought about” (10, p. 244). Attempts to predict behavior i 
this basis are bound to be, in his opinion, “inaccurate” and “extremey 
tentative” (18, p. 22). They have two limitations: “They remain =e 
tremely tentative because they predict success; and failure is bo ia 
unfortunately common and important. Secondly, they fail to attempt 
predict the movements by which results are accomplished . . .” (18, Pe 
22-23). Some degree of prediction for “acts” is possible only because W 


ity spis he 
have some common-sense grasp of the capacities and abilities of t 
species. 


In place of such ob 


; e ; e 
jectionable descriptions, Guthrie feels that W 
must recognize that: 


- - - the boy’s nerves connect his sense or, 


notebook, the door, or his companion. The psychology of learning must there- 
fore first apply to move 


Punishment and reward are, objecti iew i i 


jecting the possibility of developing 


Consequently, 
psychology in th 
of the organism 


Guthrie feels that we should look for the “facts” of 


e behavior of the organism rather than in the operation 
on its environment. He writes: 


e 
g the factual basis for learning theory was Te 3 
organism itself, and that we recognize that s 


If we follow this lead, Guthrie feels, we would not neglect, as do 


effect-learning laws, “the most obvious source of information about n 
behavior of persons, their past histories” (10, p. 244). Only if we aie 
these things—only if we study behavior qua behavior (read “mo D 
ment”), and changes in behavior, and the circumstances bee 
changes in behavior—will our understanding of (and predictio 
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control of) behavior get beyond the tentative and inaccurate stage. In 
short, Guthrie does not believe that “acts” constitute a proper data 
language from which learning theory can take off. Rather, it is the 
movements that have been learned, while acts are regarded as something 
to be derived or explained in terms of the movements composing them. 

2. Guthrie’s espousal of the movement as the dependent datum leads 
one to inquire how it is (a) defined, and (b) actually observed and 
recorded experimentally. Some comment may be appropriate at this 
point, even if we momentarily digress from the topic of data language 
and anticipate somewhat the next section on Guthrie’s construct system. 
We will return to the matter later, but the digression may be helpful in 
exemplifying the problems faced by an analyst of Guthrie’s system, and 
in indicating how close to the data level lies the first of those problems. 

Responses or movements are viewed as effector activities; thus: “Re- 
sponses, the answers to stimuli, are limited to the contraction of muscles 
or the secretion of glands” (18, p. 20). But this broad generic definition 
is not sufficient for any specific experimental case, since there we need to 
define the response or movement that is being observed, that is, the seg- 
ment selected out of the flow of behavior for recording and study. To 
say that a response is conditioned to the stimuli present at its occur- 
rence (Guthrie’s principle of association by contiguity, which will be 
treated below), requires elaboration beyond the point of saying that the 
response is muscular activity. Rules must be set up for identifying the 
movement conditioned so that, for one thing, successive occurrences of 
the response may be duly noted. In this connection, there arises a funda- 
mental question: How much must a later response resemble the chosen 
response before we will call it another instance of the same response? 
That is, how and where do we set the limits of the response segment 
we are studying? If we insist on identity, Guthrie has clearly indicated 
that he would not expect to observe response repetition; and, if this is 
so, are we not forced back to some conception of the class character of 
a “response”? (Cf. Skinner on the generic nature of the stimulus and re- 
sponse, 36; 37.) Accordingly, in each experimental situation the researcher 
must define the criteria he will accept for granting class membership to 
a response. 

In the Guthrie-Horton cat studies, where photographic recording was 
used, responses (actually, positions) were classified on the basis of 
recognizability. The two experimenters took as instances of the “same 
response” those upon which they could agree by inspection of the pic- 
tures. They write that often they did not agree, or did so with great 
difficulty on many occasions. Thus: 

Horton and I had a very considerable amount of fact-trouble in making our 


observations of our cats. Though we made notes and in a number of cases a 
motion picture record, there was often doubt whether or not a sequence of 
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movements of the cat in the box could be reported as substantially the ee aa 
a previous sequence. The statement just made that the major determiner o i me 
animal’s actions is the Present state of action or rest is an interpretation rathe 


i urselves compelled; nn 
it is not an interpretation to which we could be sure other psychologists wou 


he time we could tell at any moment what this 
ili so was based on having seen it 
previous trial or earlier in the current trial. Having 
we could predict its continuance. . . . (22, p. 14). 
Certain questions arise concerning the “recognizability” that figures 
so prominently in the Guthrie-Horton work. Whether by individual 
greement among observers, recognizability is 
are dealing here with the problem of the 
are initiated by stimuli arising from the be- 
er observation. Leaving aside the regress 


ers must “punch into” the machine 
in tallying or recording 


“Tecognize” instances of 
the “same” response. We May also grant that t 


make “impartial” Judgments does not in itself gu 


least a better knowledge of what is being Tecognized and recorded, what 
the error of observation is, and so on. In short, to deal with the data 
adequately, one needs to know what the data are; and what they are 
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depends partly on what gathers them, as Guthrie himself would admit in 
other contexts. The point being made is not the humanness or non- 
humanness of the recording device, but our understanding or ignorance 
of the recording device. With the recognizability criterion employed by 
Guthrie and Horton in their cat studies, this problem is an acute one, 
as Guthrie frankly states. The situation is somewhat better in other 
psychophysical situations which also involve human observers, but in 
which some degree of empirical and theoretical knowledge is available 
on stimulus-response relations. 

From the point of view of Guthrie’s theory, as opposed to his experi- 
mentation, the foregoing argument may seem a minor point. But it 
emphasizes a failure to meet the problem of the definition of the de- 
pendent variable in Guthrie’s data language. The theory leads to state- 
ments that the organism will do now what he did the last time in this 
situation, but it gives us no rule by which we measure the “movements” 
on either occasion. Since Guthrie restricts us little on the side of the 
dependent variable it is difficult to define the response for measurement 
purposes without introducing our own restrictions. 

Continuing our digression for a moment, we may consider another 
aspect of the results presented in the Guthrie-Horton work, Cats in a 
Puzzle Box. These studies represent Guthrie’s most recent, and perhaps 
most extensive, experimental work and purport to attack the problem 
of “movement” versus “effect” specification of the response. As indicated 
earlier, the thesis is repeatedly presented that the best way to tell what 
an animal is going to do is to see what he did the last time. The basic 
question involved is that of defining the “doing.” Guthrie rejects any 
“effect” definition of the response as “deflecting the rod.” He holds that 
if the bar deflection leads to a change in stimuli such as would result if 
the animal is permitted to escape from the cage, then the particular set 
of movements of the animal, by virtue of which the stimuli were changed 
(via bar deflection), would be repeated on succeeding visits to the cage. 
If we now go to the Guthrie and Horton pictures to shed light on these 
two sets of attitudes we find the following: (1) on every trial a picture 
was taken of the animal as the rod was deflected; (2) although every 
picture taken was associated with a response defined in terms of the 
“effect” of rod deflection, fewer than all were associated with a particular 
movement (or, more exactly, posture) , how much less than all being 
dependent upon the observers’ criteria of what they would call the 
“same” posture. But regardless of our criterion of “sameness,” we could 
never have more than 100 per cent of the stances classified as the same. 
Thus, by defining the response in terms of position or stance, we can do 
no more than match the replicability of response defined in terms of 
effect. Once the results are viewed in this way it becomes obvious that 
Guthrie and Horton have taken a restricted set of pictures. They photo- 
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graphed the set of all positions assumed by their cats at the moment of 
rod deflection, that is, the set of responses defined in terms of stance 
that are included in the set of responses defined in terms of a particular 
effect. This feature of the Guthrie-Horton experiment merely makes it 
possible (for someone who thinks there is any logical need to do so) to 
argue that to the extent that the pictures exhibit stereotyping, to that 
extent they show that responses defined in terms of effect may also be 
homogeneous with respect to position or stance. 

The effect of this restriction in picture taking could be seen more 


clearly in an experiment that required the animal to stand on his hind 


B. Independent Variables 
The difficulties encountere 
dependent variable, are 


independent variables, namely the stimulus. We shall 
our discussion of this for the section 


terms for him. 


1. For Guthrie, movements or responses are contingent on stimuli, and 
one of the ways in which he uses the word stimu 
is a term in his data language. Thus: “ 
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lus term, we find that other properties are given. One added property 
of stimuli is that the sense organ must respond to the energy change. 
Thus: “. . . the normal occasion for muscular contraction, and hence for 
all that an animal does, is the activation of sensory receptors” (22, p. 7). 
“Stimuli are changes in the world order to which sense organs or receptors 
respond by exciting impulses in sensory nerves” (10, pp. 27-28). 

Further, as will be discussed in more detail in the following section, 
we find the term stimulus applied not only to the outstanding detail but 
to the totality of events at the time the outstanding detail is being re- 
corded. For example, Guthrie asserts that stimuli vary, although the 
experimenter’s measurement of it (ie., the outstanding detail) may 
remain constant. We may not wish to view the stimulus as the outstand- 
ing detail, but rather consider the latter as an indicator of the stimulus. 
The stimulus in turn could then refer to the total flow of energy changes. 
In this case, however, the term indicator would fall in the data language 
while the term stimulus would clearly be a theoretical concept. 

2. We must include as independent variables several other determi- 
nants of behavior than stimuli alone, according to Guthrie’s view. These 


others include: 
a. Species differences. Thus: 


Observation of living organisms gives very little insight into the details of 
human behavior if it is confined to those traits which hold of all organisms, But 
if we patiently observe a species we can offer a great deal of important infor- 
mation concerning what to expect of members of that species. ‘The work just 
published by Carpenter (1934) on the behavior and social relations of howling 
monkeys after two years observation of them in Panama makes us familiar with 
many of their ways, just as the work of Tolman and his associates has added to 
our information concerning what to expect of the white rat in a maze (10, p. 18). 


b. Maturation. Thus: 


We cannot go the whole distance with Holt (1931) and say that all stimulus- 
response associations are dependent on conditioning. Maturation of the nervous 
system appears to be the principal determiner of many classes of acts (10, p. 38). 


c. Muscle tonus. Thus: 


In many cases the response is not dependent on any one known original 
stimulus but on a complex situation in which the most important features are 
internal to the animal. In a recent monograph, Jensen (1932) reports that 
moderately full infants that had just stopped suckling resumed in all cases when 
the infant was dropped four inches, or when the large toe was pinched, or when 
hair was pulled... . Anything which will increase general tonus reinforces the 
suckling movements (10, p. 37). . i 

Muscles when they contract stimulate their own sense organs and the resulting 
impulses are responsible for an additional contraction of the muscle itself, as 
well as contraction of allied muscles. Not only contraction, but stretching, and 
sudden resistance to contraction have this effect of addition to the original ten- 
sion of the muscle. The contraction of any muscle thus leads to a sort of rever- 
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beration which tends to increase muscular tonus. The main feature of states of 
excitement is undoubtedly this general increase of muscle tonus which tends to 
be self-sustaining through the circular reflexes described, and to exaggerate or 
reinforce whatever action is taking place (10, pp. 105-106). 


Nevertheless, the aforementioned variables seem to be regarded by 
Guthrie as setting up merely parametric problems in the analysis of 
behavior. Learning remains the central problem of psychology, and 
learning is to be considered the outcome of stimulus-response assuciation. 


Il. CONSTRUCT SYSTEM 


Guthrie has at no time attempted to formalize a theory of learning 
and he does not explicitly set forth his construct system. Only by ob- 
serving the ways in which certain terms are manipulated can Guthrie’s 
construct content be clarified. At first glance, Guthrie’s treatment of 
learning phenomena seems to contain only the terms stimulus, response 
(defined as we have noted earlier, in terms of movements, not effects on 
the environment), and the assumption that once a stimulus and a re- 
sponse occur together the response will tend to occur again on recurrence 
of that stimulus. Closer examination reveals, however, that this simplicity 
is only apparent, and that a rather elaborate system of assumptions is 
required in order to cover logically the areas discussed by Guthrie. 

An analysis of the use of the terms stimulus and response introduces 
the first complications. These terms have not been unambiguously de- 
fined by Guthrie; it is possible, however, to search for a definition im- 
plicit in his usage of them. In so doing, we are confronted with several 
concrete usages that seem to imply mutually exclusive definitions. As 
we shall see below the failure to anchor the stimulus and response terms 

roduced a flexibility that makes explanation by 
simple. It is not the simplicity that we are ob- 
her the opposite; that, although it looks simple, 
the content of the theory turns out to be quite formidable when made 
explicit and given rigorous statement, 

As we have seen, emphasis is 


activities of small muscle grou 
system, and it is difficult to pl 
A few quotations may illustrate this difficulty, 


, When we actually observe the boy and speak of his 


e select is usually some outstand- 
ing detail of an infinitely complicated total response. We can discuss 


actual behavior only by choosing some nameable detail in which we 
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happen to be interested” (18, p. 20). For Guthrie, a complicated flow of 
activity is present, and some detail of this flow must be selected to 
specify the response. But confusion results from his use of the word 
response for the “total response” (the infinitely complex movement pat- 
terns of all muscle groups), as well as for the “outstanding detail” that 
may be used to specify the occurrence or nonoccurrence of the “re- 
sponse.” We find him saying that the process of conditioning mingles 
responses into new combinations, so that presumably the responses are 
enough of a unit that we may speak of combining them; yet we are never 
reassured that the assertion that responses are never the same is not to 
be extended to these units, which would have to be true if the units are 
to be regarded as units. 

In view of our earlier discussion of Guthrie’s response term in the data 
language section, as well as the added comments above, it is unnecessary 
to elaborate again on this failure to specify the terms response and move- 
ments. It is simply a fact that the unit in which responses are to be 
measured is not specified. The general tenor of his writings leads one 
to a response specification between the extreme of individual muscles 
and the total complex of muscle activity. On the basis of his attacks on 
Gestalt psychology’s emphasis on wholes and totalities, Guthrie clearly 
does not mean to define the response in terms of total movement. He 
insists on some form of analysis. “Actions, like rising from (one’s) seat, 
answering a question, or making & mistake in multiplication, we cannot 
do justice to. They occur in & total response that is infinitely complicated 
nses. But total responses have no names and 
hat it is not Guthrie’s intention to specify 
al muscle activity is also clear from his 
nd response, 
” “combina- 


and merges into other respo 
no description” (18, p. 22). T 
response in terms of individu 


repeated emphasis on the observability of both stimulus a 


i $ £ es it : 
and his recurring use of notions like “compromise responses, 


tion of responses,” etc. (10, pp- 41, 215). , 
As will appear later, Guthrie actually assumes that all portions of 


the total response that occur are conditioned to all components present 
at the time of the stimulus, and the occurrence or nonoccurrence of cer- 
tain of these portions presumably determines whether we say that a 
“response” has recurred (see above discussion on Guthrie-Horton cri- 
terion of response sameness) ; SO it seems necessary to admit a concept 
of “component of a response,” as an unspecified part of the observed or 
recorded response. Any use of such a phrase is an example of what may 
be called the concept of “gyb-response.”” orig ii s ar ty 
; existential properties, 
load wend ee om and are possibly quantifiable, al- 


action of smaller muscle groups, 3 i 
effect that “responses are never twice alike” 


definition of response that defies complete 
ot he regards it as ultimately measurable, 


though a statement to the 
would seem to imply & 
measurability. Whether or n 
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the concept of the “sub-response” is frequently encountered by a reader 
of Guthrie. 

A second and more heavily emphasized construct in Guthrie’s analysis 
of learning appears in his use of the term stimulus. At one time he con- 
siders the stimulus as an observable. 


What we can observe is the source of light, not the beam that enters our 
subject’s pupil; or we hear or record the sound wave that must affect his ear, 
the same wave but on a different section of the wave front; we ean see and 


record movements and changes in posture, but the sense organs that these move- 
ments affect are hidden from direct observation. Movement, light, sound, pres- 
Sure, skin contact, the contact of various substances with the olfactory mem- 
brane and with the taste papillae, these are what we mean by stimuli (10, p. 29). 


At another time, he places a restriction on the definition by saying that 
stimuli are “changes in the world order to which sense organs or receptors 
respond by exciting impulses in Sensory nerves” (10, pp. 27-28). The 
extent to which this is observable in any experimental case is open to 
question. And finally, we find many references to smaller units of stimuli, 
with variations in these smaller units being appealed to in an important 
explanatory way in treating learning data. Thus, we find him saying that 
stimuli in a controlled conditioning experiment are “never the same” and 
“Thousands of stimuli accompany every response” (6, p. 134). Thus, stim- 
uli are lights, sounds, etc., as conventionally specified and measured; but 
at the same time they are something of which there are thousands in every 
test situation and which are never repeated in the same pattern. We shall 
reserve the term stimulus for the first usage and refer to the smaller 
units, the number of which is indefinitely large, and the patterns of which 
may never be repeated, as sub-stimuli. The term sub-stimuli has the 


status of a construct, as does the term which designates the total popu- 
lation of these elements. 


of Guthrie’s system. The apparent simplicity of Guthrie’s theory rests 
to which a small number of 
terms are put. We have seen already that stimuli and responses play the 
role of constructs as well as measurable variables, and even this observa- 
tion does not do justice to the complexities, The ease with which the 
concept of sub-stimuli, for example, permits us to talk about different 
areas of data arises, in no small way, from the failure to specify the 
properties of these sub-stimuli and from the tendency to assign them 
properties a posteriori on the basis of the data to be “explained.” 
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patterns. Consequently I have no tule to offer by which it can be told in ad- 
vance whether or not a certain group of stimuli accompanying a response will 
on a later oceasion be followed by the response (6, pp. 184-135). 


Guthrie recognizes the ad hoc nature of the “stimulus pattern,” as shown 
in the above quotation, but this insight has not been used to improve the 
s forced to the conclusion that when time is taken to dis- 


concept. One i 
lved in it, the simplicity of Guthrie’s 


play the implicit assumptions invo. 
theory vanishes. 

One possible starting place for a list of Guthrie’s assumptions con- 
in his principle of association, which states 


cerning the learning process 1 
that, “A stimulus pattern that is acting at the time of a response will, 
(18, p. 23). While it is often 


if it recurs, tend to produce that response” 
’s theory, because of its fre- 


taken as a point of departure for Guthrie 
quent occurrence in his writing, we shall choose not to start with this 


association principle for a number of reasons. One is that Guthrie’s view 
of the status of this principle is not clear. Although association is “as- 
sumed to be the basic event in learning . - .” (18, p. 23), he later in the 
same article says that the “principle amounts to a convention that we 
shall use associated stimuli for the prediction of responses. It has no 
provision for measuring the relative effectiveness of different signals or 
the extent of similarity required in the practice and in the test situation” 
(18, p. 33). A second, and more important, reason 1s that the principle 
may easily be viewed as & consequence of certain other assumptions, 
either explicit or implicit, to be found in the theory.” A 

A less frequently stated, but more powerful, assumption is to the effect 
that “a stimulus pattern gains its full associative strength on the occasion 


of its first pairing with a response” (18, p. 30). If, for example, the fre- 


quency of occurrence of a response is taken as a measure of associative 
strength, we assume that frequency will not change with repeated pres- 
entations of the stimulus in the first sense above, i.e, stimulus as a 
measurable experimental variable. The assumption, if retained, will serve 
to define, partially at least, and by exclusion, what is meant by a stimu- 
lus pattern. Stimulus pattern then comes to mean something that is not 


jecti ing this principle as a startin 
2 ti easons, another objection, to using tl g 
a addition BoT conseque rom it. Presumably, the phrase “tend to 
ee 5 nie > canal! means tha j a certain probability that the re- 
tt oa if the Stated in this fashion there is no 
aie beeta that the probability will increase, decrease, or show no change. It may 


int is trivial because in ( 
a tnat Oe a implies that there will be an increased tendency to pro- 
, 1€. 


ossibly correct in its interpretation of Guthrie’s men- 
A a seers Be tudo defend, since in the most extended explana- 
tion Guthrie hag given of what he means by tend,” he leads up to the statement, 
“The principle of conditioning thus stated with the word tend merely asserts that 
on the recurrence of the stimulus pattern we can expect the former response, but 


with what certainty it does not state” (10, p. 26). 
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guaranteed to be repeated when the measured and observable stimulus 
is repeated. Here we are led back to the view that each stimulus contains 
“thousands of stimuli” (our sub-stimuli) and it is only to the extent that 
we can expect duplication of the original pattern or number of these 
stimuli that we can expect the response to be duplicated. 

Some of the assumptions implicit in a Guthrian treatment of con- 
ditioning might take the following form.’ 

A. A stimulus pattern (sub-stimulus set) is maximally conditioned on 
the occasion of its first pairing with a response, 

B. The pattern and number of sub-stimuli are assumed to be a func- 
tion of a large number of operations typically found as independent 
variables in experimental work. The pattern and number are dependent 
on: (a) environmental conditions, i.e., lights, sounds, and other experi- 
mentally manipulable stimuli; (b) movements and postures of the or- 
ganism—these presumably are the observable correlates of propioceptive 
stimuli. The latter assume an important role in Guthrie under the head- 
ing of movement-produced stimuli. These stimuli are the conditioners, 
for example, in delay and trace conditioning; (c) deprivation schedules— 
food, water, and other rhythms are assumed to change the pattern and 
number of “maintaining stimuli”; (d) “emotion-producing” operations— 
certain operations such as using a very intense stimulus, repeatedly pre- 
senting a stimulus which leaves accumulated effects (as in “teasing”’) , 


ing it would become obvious that still furth 
be placed on the ideas presented to this poi 


* Recently, Voeks (39) has attempted a formal development of Guthrian theory. 
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tions are implied by Guthrie’s treatment, but even the implication is 
usually uncertain, or too incomplete to permit the deduction of statements 
that Guthrie believes to follow directly from his principles. 

Consider the acquisition of a conditioned response. Without making 
some statement about the nature of the variations in the pattern of 
stimuli present on successive applications of the stimulus, it is not 
obvious that acquisition would ever take place. In other words, without 
a specification of the kind of sampling of the total possible stimuli, we 
do not guarantee that overlap of sub-stimuli occurs from trial to trial. 
For example, our sets of sub-stimuli could be conceived of as being 
conditionally selected; sub-stimuli viewed as sensory events, or modeled 
after them, could easily be conceived as being dependent upon previous 
patterns in such a way as either to secure or to avoid overlap of stimulus 
samples on successive trials. The point being stressed is that not all ways 
of conceptualizing the sub-stimulus sets would generate a statement that 
acquisition does occur. The fact that Guthrie feels he can handle the 
phenomenon of acquisition, at least its presence or absence, and possibly 
its speed, implies that some particular kinds of sampling of sub-stimuli 
are involved. 

When we get to the problem of extinction, new theoretical require- 
ments appear. An operation will produce extinction if it insures that the 
conditioned response will not occur when the stimulus is presented. When 
coupled with the assumption that behavior is continuous, i.e., that some 
response always occurs contiguously with the stimulus, this means that 
a new response has been conditioned to the stimulus. In short, Guthrie 
views extinction as an interference phenomenon, i.e., that we get one 
response out of our repertoire by learning to give another response to the 
same stimulus. For Guthrie, the best procedures for extinguishing a re- 
sponse are those that (1) present the conditioned cue along with other 
stimuli for other inhibitory or antagonistic or interfering responses, (2) 
repeat the signal until the response gets fatigued to the point of response 
nonoceurrence, or (3) introduce the signal at intensities that do not 
elicit the response and gradually raise the intensity to a level at which 
the response would normally occur but now does not because of the 
graduated extinction. The impression is frequently created by Guthrie 
and others that extinction by interference can be deduced merely by 
granting that another response has been attached to the stimulus. This 
obviously is not the case, since such an assumption insures only that two 
stimulus-response connections (both involving the same stimulus) have 
reached their respective maximum strengths. The question oT want will 
happen when the stimulus is presented without benefit of “stimulus for 
inhibitory responses,” “fatigue,” etc., remains to be answered. In ordez 
to treat the above three procedures as effective extinguishers, Guthries 
theory must take on at least one more postulate. A number of “Guthrian 
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possibilities present themselves, perhaps the most obvious being Guthrie’s 
associative inhibition, or the negative version of assumption A. This 
might take the form: 


E. A stimulus pattern is maximally unconditioned on the occasion of 
its first occurrence that is not followed by the response in question. 


An alternative assumption for handling extinction might be in the form 
of a recency postulate, for example: 


Hy. The last response attached to a given stimulus pattern is the only 
response attached to the stimulus pattern. 


Parenthetically it may be noted that if we state the postulate in terms 
of greater strength (e.g., the last response is always the stronger), rather 
than in the all-or-none fashion used above, we are confronted with 
the problem of compatibility of responses since in this case there is some 
probability of getting both responses or a certainty of getting both 
responses with some ratio of magnitudes. 

The stopping point in a list of implicit assumptions for Guthrie will 
depend upon the number of phenomena discussed. A few more examples 
will be given to demonstrate that the number of hidden assumptions is 
not small, but no attempt will be made to treat Guthrie’s writings ex- 
haustively in this manner. At each point in the discussion, a number of 


Guthrie probably would regard as flowing obviously from his principle 
of association, or from one or more of our assumptions A-D. 

One case in which Guthrie’s discussion of a topic clearly requires an 
added assumption, and even Suggests its nature, is that of spontaneous 
recovery. A quote will give the tenor of his discussion. 


There remains to be explained the reestablishment of the con 
after a lapse of time. We have a hint toward this explan 
a sudden extraneous and unusual stimulus may cause the conditioned response to 
recover its original strength and certainty. It is possible that the inhibiting 
stimuli in this case include the somewhat specific details of posture and en- 
vironment which hold during the process of extinction. A sudden interruption 
disorganizes posture and orientation, removes many recently conditioned 


inhibitors, and allows the original posture and conditioners to prevail again 
(5, pp. 423-424), 


ditioned response 
ation in the fact that 


This treatment of spontaneous recovery holds that the postures present 
during the first extinction period do not exhaust the supply of internal 
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conditioners, and that an interruption of the extinction process by a time 
interval of no extinction restores some of the original internal condi- 
toners. The question may arise as to the relative importance of the inter- 
ruption and the time interval of no extinction; presumably the latter 
1s Important since the amount of spontaneous recovery is a function of 
this interval. Thus, some assumption about the change of specific pos- 
tures with time would have to be made. Of course, the wording of the 
assumption would not have to take the form of changes with time but 
might be expressed in terms of a change in general posture and orienta- 
tion as a function of the amount of intervening activity, but the interven- 
ing activity must then be some stated function of time. The interruption 
per se may also be a variable and this too might be stated in terms of 
postural changes. The present form of Guthrie could easily incorporate 
either. 


Not all of the additions of assumptions are as obvious as the one just 
r extreme of specifiability may be 


given, and an example at the othe 
ts on changes in the type of ex- 


drawn from his discussion of experimen 
perimental reward. 

_ When, in the course of a number of trials the reward is changed, confusion is 
fused with readiness for sunflower 


introduced. Readiness for bran mash is now conii d 
seed and the two are as incompatible as readiness for a high and for a low 


pitch on the part of a baseball catcher. The rat, encountering the changed 


reward is disappointed, which is only to say that the movements with which the 
= i t adjusted to the eating of this par- 


Tat approaches the food are not movements r 
ticular food and there is some resultant confusion (10, p. 174). 

The attempt to define disappointment may be noteworthy, although the 
finality with which one can judge whether a movement toward food is 
adjusted to the eating of one food and not adjusted to the eating of 
another may be questioned. Similarly, the incompatibility of different 
readinesses is an assumption about the readinesses m question, and not 
a statement about observables. Finally, after these points are incor- 
Porated into theory, we might entertain in more detail questions con- 
cerning the status of the term “confusion.” Is it another way of saying 
that something happens to the acquisition curve, 18 it paT pa of 
speaking about incompatibility of responses, an errmpiation A 


of these? Once again, we do not mean this as e 
of Guthrie: nor rd oes mean to imply that other theorists have handled 
J 


this particular problem more adequately. We present it to show that the 
steps from Guthrie’s statements to & testable deduction may, and per- 
haps always do, involve considerable construction aid p 

All of the classical problems in psychology that Guthrie discusses are 


s - “state” variables 
treated in term imulus and response. The so-called stat ; A 
nr i e, are stimuli. Thus, for example, “Motives are 

, 


Such as emotion and driv! ha . = 
stimulus situations that keep the individual active until some specific 
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goal is reached. By a goal we mean the removal of the maintaining 
stimuli responsible for the activity and excitement. . . .” (18, p 59). 
The movements in the puzzle box situation “that attain the goal or that 
remove the maintaining stimuli for activity tend to be preserved from 
unlearning” (18, p. 59). Perception, thinking, and other classical topics 
are interpreted as responses. But, again, an adequate Guthrian treatment 
of these topics would require additional constructions and assumptions 
in order to be rigorous. 

Among the theoretical developments considered in this volume, Guth- 
rie’s is among the least quantitative. Formal developments in general 
are non-existent. He has not explicitly axiomatized any part of the 
theory, nor have any formal derivations been presented. There are in- 
stances in which a statement, or group of statements, is treated as 
following from a particular assumption, where analysis shows this not to 
be the case. It is undoubtedly true that many reviews of Guthrie in the 
literature have mistaken incompleteness for simplicity. 

Guthrie’s writings suggest a kind of model for the patterning and 
sampling of units conceived variously as environmental (stimulus) or 
Sensory events on the one hand, and motor events on the other. Pre- 
sumably, this model or one close to it is what Guthrie would apply to the 
sampling of sub-stimuli or sub-responses during acquisition, extinction, 
spontaneous recovery, and other phases of conditioning. The model has 
not been elaborated by Guthrie, although others (e.g., Estes, 1) have 
presented more formal systems using the kind of model suggested by 


Guthrie’s work. The kind of sampling model suggested by Guthrie is 
illustrated in the following quotation: 


A discussion of Guthrie should include some consideration of at least 
two other topics, which are not unrelated as he treats them: first, the 
concept of contiguity, which figures centrally in the theory; and, second, 
the concept of reinforcement, which is prominent in current behaviorism 
and which Guthrie has attempted to subsume within his own theory. 


lus (C'S) and the response (R). Thus, Guthrie (8) disputes with Pavlov 
the correctness of regarding the pairing of CS with the unconditioned 


EDWIN R. GUTHRIE 369 


stimulus (US) as the important consideration in conditioning, arguing 
rather that US simply serves to get out the response and that it is the 
temporal relation between CS and R that is crucial for the emergence 
of the new reflex. Again, Guthrie cites his own experimental studies of 
word-association learning as showing that “backward” conditioning is 
not as difficult or impossible as other theorists suppose (also see 10, 
p. 34), arguing rather that response contiguity with the “backward” CS 
is the important factor. However, any attempt to deal with the bi- 
directional gradient obtained from CS-US asynchronism studies neces- 
sarily forces us to a much broader conception of what it is that is 
occurring simultaneously. Experimental evidence on the strength of con- 
ditioning as a function of (forward) CS-US interval indicates that 
placing CS at the time of US is largely, if not entirely, ineffective, and 
that a temporal gradient exists with an optimal CS-US interval ranging 
from somewhat below 0.5 sec. up to 7-10 sec. (e.g., 30) depending upon 
the response measured and the conditioning procedure. In all cases, how- 
ever, the optimal interval is in a forward direction rather than at 
simultaneity. By Guthrie’s account, successful backward conditioning is 
achieved through an assumed persistence of response which allows con- 
tiguity between CS and R to occur; in forward conditioning, on the other 
hand, the important consideration is some unmeasured response to the 
CS that mediates the conditioning by providing movement-produced 


stimuli (m.p.s.) as new CS. Accepting this for the moment as an account 
that can be made to have some additional testable consequences, we 
may still ask the question why, if CS-R contiguity is this important 
factor, there would not be a maximum rate of conditioning at the point 

h side.for the reasons admitted 


of OS- iguity with gradients on eac 0 
i on og to n optimal CS-US intervals for 


above. Fr the experimental evidence 0 
iP in oR e Guthrie would seem almost forced to the 


forward conditioning, however; a: 2 A 
assumption that m.p.s. are better conditioners (in some sense). In any 
event, however, it seems apparent that the: “contiguity” referred to in 
Guthrie’s association principle is not to be construed in a literal, physi- 
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“Note that Guthrie brings into his discussion, without distinction, data from 


i iter: „gard as being of two different conditioning 
experiments that other writers gl E 0: a A, or however ne eik 


t : i instrumental, T: = J y ta 
EE yee a course, flows from, and is consistent with; his Jae that 
a en ene tage type based on the self-same contiguity principle being 
discussed here 

ENa 5 i esent paper to document all of our state- 

No at been made in the pr : 
ments le Mre A results. Only where the aum g a farens ua 
widely known, or where an article conta niy a summary of literature on a g 

; : 

i i i been included. z P 
as og gene oe ae here that the important role generally assigned 
by Guthrie to eee p-s. has been encountered earlier as one site ai the uncon- 
trollable variability of the stimulus, and is a aa pose een 
why the CR is not always the same and is not exactly : 


370 MODERN LEARNING THEORY 


consequently contiguity, is another of the response-inferred terms fea- 
tured in Guthrie’s writings. It might perhaps be urged that Guthrie 
invents m.p.s. only to emphasize the idea that, in an objective science of 
behavior, conditioning must be conceived as being in relation to real, 
physical, present events, and not to imaginary traces of historical stimuli 
that are now absent; that is to say, that conditioning must involve 
something real here and now. Although one might agree with this po- 
sition, Guthrie’s m.p.s., given their indeterminacy, are no less imaginary 
than other invented trace mechanisms which have been proposed by 
others to bridge the temporal gap between CS and US, or between CS 
and R. The defense of Guthrie on the ground that he is no more vulner- 
able on this score than, say, Hull, suggests two comments. The first is 
that it may be true; the second is that Hull specifically introduces 
similar terms (e.g., afferent neural actions) as construct words and 
attempts, albeit unsuccessfully, to assign them definable and testable 
properties. Thus, the present imperfections of Hull might be ascribed to 
incompleteness or to failure of a defensible effort. Guthrie, on the other 


hand, frequently, and on principle, criticizes the use of such terms par- ` 


ticularly if they suggest a physiological mechanism such as a trace, and 
asserts that behavior is to be understood, and behavior theories to be 
complete, when a description of behavior and its observable relations to 
stimuli is provided. 

Turning to the concept of reinforcement, we find that learning theories 
have generally treated this concept in two ways. The first considers 
reinforcement as a primitive empirical term defined with reference to 
an experimental operation and an observed effect upon response strength 
or upon the conditional relation between S and R. Skinner’s use of the 
term is of this descriptive or positivistie sort, as seen in his “law of rein- 
forcement” which, though often criticized as circular, is reducible to a 
definition (that the name reinforcement shall be applied to any stimulus 
operation having a specified effect upon R) and an empirical proposition 
(that the class of stimulus operations named as reinforcements is not & 
null class). The second alternative in handling reinforcement is to regard 
descriptive reinforcement as a derived phenomenon, to regard the rein- 
forcing effect of any (empirically demonstrated) operation as being de- 
rivable from some still more primitive or fundamental process (either 
assumed or experimentally demonstrable). This second alternative in- 
volves asking the analytic question, why is a reinforcement reinforcing, 
or by virtue of what property is a stimulus capable of acting as a rein- 
forcer? This question Hull has attempted to answer by introducing the 
concept of drive (or need) reduction, Guthrie has attempted to answer 
this question by indicating the manner in which reinforcement operations 
change the stimulus and response conditions to which the organism is 
exposed. Guthrie’s concept of reinforcement is based upon the change in 
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the stimulus situation following the response; the change serves to protect 
the last S-R bond in that situation, and thereby increases the probabil- 
ity that the same response will be made again when the same stimulus 
situation occurs again. The stimulus situation change that follows R 
prevents the possibility of unconditioning S and R by having S present 
with the organism not in a position to make R again immediately, hence 
of some other R being made which becomes conditioned to S and which 
displaces the first R by reason of incompatibility. Changes in the stimulus 
situation may be made by the experimenter (or his apparatus) following 
the occurrence of the response to be conditioned, or may be the result of 
the stimulus consequences of the organism’s response itself. 

Guthrie’s statements on reinforcement are in absolute or universal 
form, leading one to expect that any and all changes in the stimulus situ- 
ation will strengthen the last S-R bond. Nevertheless, his actual stand on 
whether any given change is reinforcing is an empirical one like Skinner’s, 
since he provides no rule for saying how large a change, or what type of 
change, must be made to secure effective protection of the last S-R con- 
nection, with the result that the adequacy of the change must be inferred 
from its effect upon the conditioning. The fact that Guthrie’s reinforce- 
ment is response-inferred provides us little basis for separating it from 
the positivistic treatment given by Skinner. Every Skinnerian “reinfore- 
ing stimulus” is perforce a “change in prior stimulus situation”; Guthrie, 
uncommitted as to details, requires nothing more, and no experiment in 
which conditioning occurs can conceivably contain anything less.7 

Some implications for both concepts of reinforcement are contained 
in a recent experiment by Schoenfeld, Antonitis and Bersh (33), which 
indicated (or re-emphasized) that the discriminative and reinforcing 
stimulus functions of Skinner are closely related, if not identical. Subse- 
quent data (e.g., 31; 40) also support the conclusions that a stimulus 
can act as a reinforcement for any S-R bond only if that stimulus itself 
gives rise to another response. From the Guthrian standpoint, there is no 
way of predicting whether any given S following an S-R will suffice as 
a bond-protecting reinforcement; more particularly one would have no 
reason to expect the finding that only that S will suffice which has a re- 


7 Guthrie does not attempt to differentiate among functions of a stimulus as 
Skinner does, but seems always to use the stimulus in the one sense of the antece- 
dent clause in the conditional relation or proposition [If S, then RJ]. In point of 
fact, Skinner’s use of S is also of this conditional sort, but for purposes of descrip- 
tive clarity (or purity?) he distinguishes the different S functions on the basis of 
the different sorts of R effects achieved by the different uses of S. Although dis- 
avowing such distinctions, here again Guthrie parallels Skinner closely, as when he 
speaks of a stimulus as producing an emotion, or when he speaks of S as protecting 
(read, reinforcing) a prior S-R bond without mentioning, or in any way utilizing, 
the response to the S itself, thus neglecting the conditional nature of S in favor of 
its effect upon a response other than its own. The matter of the response to the 


reinforcing stimulus comes up again in the following discussion, 
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sponse conditioned to it. One might perhaps intuit that Guthrie might 
use this experimental finding to emphasize once more the role of M.D.s. 
Thus, the response conditioned to the reinforcing S might be thought of 
as a necessary component in the “change in prior stimulus situation” 
which does the protecting of the S-R. But if, as we have assumed, 
Guthrie would accept this experiment, then how m.p.s. are different 
from other stimuli, why they have special status in conditioning as 
against other stimuli, why or when they are a necessary component. of 
a bond-protecting change in prior stimulus situation, and so on with the 
general parameters of the case—none of this information can now, in 
advance of Guthrie’s own discussion of the problem, be extracted or de- 
duced from Guthrie’s writings to date for reasons of the same lack of 
specificity which we have noted before.’ The nature of Guthrie’s treat- 
ment of reinforcement emphasizes again the positivistie nature of his 
approach to the problem, It appears that his actual treatment is indis- 
tinguishable in the last analysis from Skinner’s, 


IV. GENERAL EVALUATION 


An attempt to evaluate Guthrie’s work in the field of behavior theory 
may start with his orientative attitudes, at least to the extent that those 
attitudes actually leave their mark on his system, In well-developed 
sciences, a systematist’s expressed philosophy need have little bearing on 
his actual theoretical production 
his philosophy of science is, from the science’s viewpoint, entirely ad 
hominem. Where theoretical developments in a man’s work have not 


progressed far, however, the orientative attitudes of a theorist often fill 
in the gaps in his work and are likel 


, 80 that some comments on his extra-theo- 
retical attitudes seem in order. 


on suggesting such a usage, but it is 
Id choose such a response-inferred 
response-inference in his theory; it 


J t timulus in physical or operational 
terms (see quotes, p. 358 herein). Admittedly, the confusion in usage of the word 


stimulus is not unique to Guthrie, and perhaps a re-examination of the stimulus 
concept by other theorists as well would be timely. 
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A reader of Guthrie certainly emerges with an impression of his hard- 
headedness. This is illustrated by his emphasis on the observable, public, 
non-unique nature of the data that science deals with; by his rejection 
of concepts in rival systems that are not open to test or the possibility 
of disproof; by his insistence (e.g., vis-a-vis Gestalt theories) that some 
level of analysis is required in the gathering of data and the construction 
of theory; by some of his criticisms of other systems (e.g., Tolman’s rat, 
which Guthrie describes as being left “buried in thought”; 10, p. 172). 
Furthermore, Guthrie is sensitive to the place of theory in science: for 
him, it is a central endeavor in any science, and in several vigorous pas- 
sages he expounds this theme as opposed to the mere collection of inde- 
pendent facts. 

It is all the more surprising, therefore, to see the number and variety 
of points at which Guthrie’s own work departs from the standards he 
sets. Among these lapses are the way in which his own data language 
slips quickly into the intricacies of an elaborate construct system while 
appearing to keep its feet firmly planted on observable experimental 
operations (stimuli) and on public responses (movements) of the or- 
ganism; and, again, the way his basic principle of conditioning by conti- 
guity lacks testability, since, as he himself avows, there is no way of 
independently specifying stimulus similarity on successive occasions ex- 
cept by the recurrence of the response. In considering the use to which 
the terms stimulus and response are put, we found that both have the 
status of constructs. At the same time we found that explicit definitions 
of these terms are not available although some implicit restrictions on 
an eventual definition are provided. In addition to the inadequate defi- 
nition of terms, Guthrie’s usage suggests that stimulus and response may 
not be separable; to the extent that the stimulus term is specified at all 
it is specified on the basis of the response. 

These deficiencies probably do not arise solely from the fact that 
Guthrie has failed to attempt explicit definitions or has avoided quanti- 
tative analysis. Some of these difficulties are encountered in other ac- 
counts of the Guthrian type that have attempted to evolve quantitative 
statements concerning acquisition, extinction, ete. For example, in the 
formulation presented by Estes (1), assumptions necessary to mediate 
quantitative statements of the acquisition curve have been made explicit 
and concepts such as populations and samples of stimuli have been 
formalized. But the account has not yet related the “stimulus” terms 
to physical variables such as lights, sounds, etc., and barring such 
developments there still would seem to remain the difficulty of identifying 
the experimental operations on the stimulus side that are coordinated 
with stimulus assumptions involved in formal derivation on the response 
side, that is, derivations of one set of response data from others (2). 

While we do not consider it fruitful to judge now the logical or quanti- 
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tative adequacy of a theory by applying the standards prevalent at 
the time the original formulations were made, nevertheless, we feel that 
some comment is required concerning the historical setting in which many 
of the contributions discussed and criticized in this book were made. 
Most of the works considered in this and other chapters of this book can 
be considered to have had their beginning in the early 1930's. By 1935, 
Tolman had written his Purposive Behavior in Animals and Men, 
Guthrie his Psychology of Learning, Hull had published Mind, Mecha- 


and available in German and h 
Brown, and others. 

In the setting of the 1930’s 
sought to argue for a break with certain segments of the history of 
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e did not permit his own formu- 
t as the empirical area grew and 


single one is to deal in parsimony, and any eff 
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wrod. 
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he not only applies the same theoretical constructs to all learning situa- 
tions, but also asserts that the same experimental operations (namely, 
S-R contiguity) are involved in all learning situations. Added to the 
appeal of Guthrie’s reductionism, is that of the apparent simplicity of 
his version of the contiguity principle. As we have seen, the simplicity is 
only superficial, but the very fact that he has striven for a reductional 
solution has helped keep his theory alive. 

Second, Guthrie and his students have always maintained the role of 
shrewd critics of other theories. One recalls, for example, Sheffield and 
Roby’s (35) experimental demonstration that a saccharine solution, 
which is non-metabolizable and therefore presumably not “need-reduc- 
ing,” can serve to reinforce a response. Experiments of this sort have 
forced need-reduction theorists to introduce “higher order” drives and 
drive reducers. In a similar vein have been the Guthrian arguments and 
attempted demonstrations that, under suitable conditions, a response 
that is “punished” will persist even though the need-reduction hypoth- 
esis would require the response to cease. 

Third, Guthrie’s writings have contained a number of ideas and em- 
phases which other writers either developed independently later, or found 
occasion to employ in their own thinking. Examples are: the movement- 
produced (propioceptive) stimuli to which Guthrie often had recourse, 
and which are now receiving renewed emphasis by others in treating 
avoidance conditioning, and in treating the effects of various reinforce- 
ment schedules in conditioning; the intervening response sequences or 
chains which Guthrie, in his argument against Hull and Robinson, as- 
sumed to mediate delay and trace conditioning, and which are receiving 
renewed emphasis in the analysis of delay-of-reinforcement conditioning. 

And finally, Guthrie’s doctrines have derived some viability from the 
very fact that reinforcement theory has flourished alongside them. This 
is true partly because Guthrie has devoted much critical attention to 
reinforcement theory as a rival, but even more, from the indistinguish- 
ability of the two theories on many counts. We have pointed earlier to 
several similarities, such as their concepts of reinforcement and their 
use of the stimulus term. Other examples come to hand quickly: (a) 
In treating escape conditioning, Guthrie holds that the organism passes 
from response to response under the prod of the not-yet-escaped-stimulus 
until the prescribed response is made which terminates the stimulus (that 
is, changes the prior stimulus situation), thereby insuring that the 
escape response is the last response made in the situation, and increasing 
the probability that it will be made again when the stimulus recurs; 
reinforcement theory, in one form (e.g., Skinner), holds that the stimulus 
is noxious and that its termination is (definable as) positive reinforce- 
ment for the terminating response, while in another form (e.g., Hull), 
the stimulus is need-inducing and its termination is reinforcing because 
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it is need-reducing. (b) Both contiguity theory and reinforcement theory 
handle avoidance conditioning as a special case of escape training (e-g., 
32, 34). (c) Reinforcement theory in Hullian hands treats drives as 
having associated stimuli, and phenomena of so-called drive conditioning 
are capable of being treated in this way; contiguity theory considers 
drives as maintaining stimuli, and would interpret the same data in 
similar fashion. (d) Guthrie accounts for extinction in terms of uncon- 
ditioning of the response (and conditioning of new responses) to ever- 
increasing numbers of the sub-stimuli composing the stimulus popula- 
tion to which the response was originally conditioned; Skinner speaks 
of extinction in terms of stimulus novelty, that is, how much the ex- 
tinction session differs, or comes to differ as it progresses, from the 
stimulus situation prevailing during the period of reinforcement (38). 
These examples will, perhaps, suffice to make the point. Though seeming 
to differ, contiguity and reinforcement theory make equivalent state- 
ments in key areas, and the prosperity of the one necessarily succors 
the other, since the two, with allowance for differences in vocabulary, 
take parallel positions on many problems. We do not intend to 
say that contiguity theory and reinforcement theory are identical 
throughout, for this is not so; but the inadequate elaboration of as- 
sumptions and consequences makes contiguity theory indistinguishable 
from reinforcement theory very soon after its introductory propositions 
are voiced and empirical data of minimal complexity are encountered. 
Add to these considerations, the existence in both contiguity and re- 
inforcement theory of some inadequately specified, yet basic, terms such 
as drive or stimulus or response or simultaneity, and it may be seen how 
the two types of theories generate explanatory statements which allow, 
with some substitutions in vocabulary, easy passage back and forth. 
From one point of view, there is a gain for science in recognizing that 
two theories, commonly regarded as distinct, are really not so; but it 
should at the same time be recognized that the similarities flow from 
not altogether praiseworthy sources, In place of a convergence based on 
independent development and maturation of the two theories, we ob- 
serve on logical analysis and repeated applications of the theories to 
empirical data, that it is difficult to distinguish the theories in the first 
instance. Be that as it may, it does appear that continued reference to 
Guthrie in contemporary theory may be attributed in part to the pros- 


perity of a rival which enjoys a prominent place in that same contem- 
porary scene. 


V. SUMMARY 


Guthrie’s orientative attitudes concerning such topics as scientific 
method, the problems confronting psychology as a science of behavior, 
the role of theory in psychology, and the like, have been summarized. 
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Comments have been made with respect to some of these attitudes in an 
attempt to explore their content, their explicitness, and the extent to 
which they are reflected in Guthrie’s contributions to learning theory. 

Consideration has been given to the manner in which Guthrie specifies 
the experimental dependent and independent variables in the empirical 
domain to which he addresses himself. Attention has also been given to 
the nature of some of the empirical and theoretical terms employed by 
Guthrie in his discussions of experimental results. Certain important 
similarities between Guthrie and reinforcement theory have been noted 
which raise a question as to whether the two theories are actually dis- 
tinguishable at many points. 

Criticisms of Guthrie seem to cluster around a small number of points, 
in particular, the inadequate definition of key terms and the response- 
inferred character of many of his constructs and explanations. Guthrie’s 
formulation is non-quantitative in development and prediction, and may 
be depicted more as a manner of speaking about experimental results, 
and as a suggestion concerning the general form that learning theory 
should take, than as a finished theory. While the principles of condi- 
tioning which he expands seem to have a parsimony that would be 
desirable in a theoretical formulation of behavior, a closer analysis re- 
veals that this seeming simplicity is deceptive and that a formidable set 
of additional assumptions and constructs are required if his theory is to 
possess any real applicability to experimental data. In fact, there is 
basis in his writings for saying that Guthrie himself does not claim to 
have a theory, but rather would agree that his work proffers a few state- 
ments as a springboard for the elaboration of a behavioristic stimulus- 
response theory. 

Finally, several comments were made concerning possible Teasons for 
Guthrie’s continued prominence over several decades as a learning theo- 
rist, 
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